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 ???????????????????????????????????????
????????????? [2]?????????????1805 ????? F. W. A. 
Sertűrner ??????? morphine ?????1985 ??????????????
l-ephedrine????1928?? A. Fleming ??? Penicillium???????? penisillin?
????????????????????????????????????????
???? (Figure 1)? 
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Figure 1 Chemical structures of medical drugs discovered from natural products. 
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????????? 
 
	 ?????????? 2013???????????? 1??????? (?) ????
?????????????????????? (Figure 2)[2]?????????????
???????????????????????????? 1947??????????
?????? 
 
Figure 1 Trends in death rates for leading cause of death, 1947-2013.  
 
	 ????????????????????????????????????? CD20
?????????? (EGFR) ??????????????????????????
Notch????, Wnt????, Hedgehog????, TGF???????????????
????????????????????????????????????????
??????????????????????????1997????? B??????
?????????????????????????????? 60?????????
????????????????????????????????????????
?????????????????????????????? ??????????? 
 
??
?
??
???
???
???
???
???
???? ?? ?? ?? ?? ?? ?? ??
????
???
?
??
?? ?
??
?? ?
??
?? ?
??
?? ?
??
??? ?
??
??
????
??
???????????????
???????????????????
?????????????????????????
??????????????????????????
????????????????????
????????????????
??????????
?????????????????
????????
??????????????????
??
??
???
??
???
??
??
??
??
??
??
??
??
??
??
??
?
?
?
?
?
?
?
?
??
?
?
??
????????????????
???? ?? ?? ?? ?? ?? ?? ??
????
???
???
?? ???
?? ???
?? ???
?? ???
??? ???
??
????
??
?
??
???
???
???
???
???
???
???
????
????
????
????
?? ?
????
??
??
??
??
??
??
??
??
??
???
??
?
??
???
??
??
??
??
??
??
??
??
??
?
?
?
?
?
?
?
?
?
?
??
?
?
??
?????
??????????????? ?
?????????????????
??????????????????? ?
?????????????????????
??????????????? ?
?????????????????
????????????????? ?
? ?????????????????
????
????????????????????????????
????????????????????????????????????????????????????????????
??????????????????????
????????????
?????????????????????????????????????????????????????????????
?????????
????????????????
???????????????????????
?????????????????????????????
??????????????????????????
???????????????????????
??????????????????
? ?? ?? ???? ?? ??
????????????????????????
? ???? ?? ?? ?
???????????????????????
???????????????????????
??????????
???????????????????????
?? ? ?? ?? ?? ??
????????????
??????????????????????
?? ?? ??? ?? ??
???????????????????????
???????????????????
?? ??????????????????????????????????????????????????????????????????????
?? ????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????
?? ??????????????????? ?????????????????????????????????????????
?????????? ????????????? ???? ?????
????????????????????????
??????????????????????????????????????????
 4 
Hedgehog???????????? 
 
	 2013 ?????????????????????????????????????
????????????????????????????????????[2]????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????? hedgehog??????????????????  
 
	 Hedgehog???????????????????????????????????
?????hh ???? 1980 ???????????????????????????
???????????[3]. ???????????????????????????
?????? (hedgehog) ???????????????Hh ????????????
?????????? 1???????? 3???Sonic hedgehog (SHH), Desert hedgehog 
(DHH), Indian hedgehog (IHH) ?????????????? ????? SHH????
??????????????????????????? 
 
	 ???????????????Pre-Hh ?N????????????????Hh-N 
(Signaling domain) ??Hh-C (Intein-like domain) ????????Hh-N?hedgehog acyl 
transferase (Hhat) ???N????????????C???????????????
???????????[4]???Hhat?membrane-bound O-acyltransferase (MBOAT) ??
????????????????Hhat?????????????????????Shh
???????Shh????????????????????????, ??????
???????[5]. 
	 Hh ?????????? Hh ??????????? 12 ?????????? PTCH
????? (primary cilium) ?????7?????????? SMO?????????
????? (Figure 3)??? Gliomma-associated oncogene homolog (GLI) ? Su(Fu) ?
??????? PKA? CK1????????????????????????????
???????????? GLI ??????????????????????????
??Hh????? PTCH?????? PTCH???????????SMO??????
????SMO????????? Su(Fu) ?????????????? GLI?????
??????????????? GLI??????? gli1, ptch, Bcl2?cycline D, cycline E, 
N-Myc??????????????????????? 
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 ???????????Hedgehog????????????????????????
??????????????????????SHH???????????????[6]?
????[7], ??[8] ???[9] ??????????????????????????? 
	 ??????????????????????????, hedgehog????????
????????????????????????????????????????
??????????? PTCH ??????SMO ? Su(Fu)?????????????
???[10]????[11]???????????????????????????????
????????????????????????????????????????
[12]????????????[13]??????????????Hedgehog ???????
?????????????????????????, ????????????[14]?  
 
	 ???????????? Hedgehog????????????SMO????????
???? Veratrum californicium ??????? Cyclopamine[15, 16]????????
CUR61414[17], SANTs[18], ??? hedgehog????????? FDA?????????
?????? vismodegib[19]?????????Hhat ?????? RU-SKI 43[20]?SHHN
?????????????Robotnikinin[21], GLI1??????GANT61[22], AAA+ ATPase
???? HPIs[23]?????????? (Figure 4)? 
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Figure 3 Hedgehog signaling pathway. 
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      cycropanine                vismodegib                      GANT61 
 
 
	 ???????????????????????????????????????
????physalin B[24], physalin F[24], colubrinic acid[25], caldenolides[26], taepeenin D[27], 
flavonoid glycoside[28], vitetrifolin D [29] ?? physalin H[30],???????? (Figure 5)?GLI
?????????????????????????????????????????
??????????????? 
 
 
 
           
         physalin B                    physalin H               vitetrifolin D 
                          Figure 5 Reported GLI1 transcriptional inhibitors. 
 
 
 
 
 
 
 
 
 
 
 
 
O
HN
H
HO
H
H
H
H
N
Cl
N
H
O Cl
S
O
O
N N
N N
N
Figure 4 Reported Hh inhibitors 
H
O
O O
O
O
O
HO O
O
H
H
H
H
O
O O
O
O
O
HO O
O
H
H
H
OH
Cl OAc
OAc
OH
 7 
?????????? 
 
	 ??, ????????????????????????????????????
?????2005??????????????”?????????????”?”????
??????????”??????????????????????????????
??? (Figure 6)[31]???????????????????2006-2009 ???????
??????? 3 ???????2010 ????????????????? 14 ????
?????????? 5?????????????????2014??????????
??????????????????????????[32]?????????????
????????????????????????????????????? 
	 ???????????????????????????????????????
?????????????? ES ???????????iPS ????????????
??????????????????????????????, ??????????
???????????????????????????????????. ?????
?????????????????????????????. ?????????
hairy and Enhancer of split 1 (Hes1) ????????? Notch????????????
???????????????????????????????.  
 
                 Figure 6 Unmet medical needs and approved new drugs 2006-2009[31]. 
JPMA News Letter No.140(2010/11) ??????????????????????????????
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Notch???????????? 
 
	 Notch?????????????????????????????????????
?????????????? (Figure 7)?Notch??????????????????
?????????Jagged??Delta?Notch????????????????????
?????Notch?????????ADAM/TACE????????????S2?
γ-secretase???S3/S4?????intracellular domain of Notch (NICD) ?????????
?????????NICD?RBP?Jκ??MAML????????????????????
???????????HES1, HES5, HES7, Hey1, Hey2??HeyL??HES??????
??????????[32]????????????c?myc?cyclinD1, NF?B2??????
???[33-35]????HES1?basic helix-loop-helix??????????????????
?????????????Mash1, Ngn2??????????????????????
??bHLH?????????????[36]? 
  
                                   Figure 7 Notch signaling.  
	 ?? Notch?????????????? HES??????????????????
???? (Figure 8)[37]?HES1???? bHLH??????????HES5???????
?????????????????????????????????????Notch?
????????????????????????????????????????
????????????????? HES1, 5????? Notch???????????
????????????????????????????????????????
?????????  
HES1 promoter?
RBP-J??
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Ngn2 
Mash1 
cleavage?Delta?
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 ? ? ? ? ? Notch ? ? ? ? ? ? ? ? ? ? ? ? DAPT 
(N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester)[38], LY411,575[39]?
MK0752 (cis-4-[(4-Chlorophenyl)sulfonyl]-4-(2,5-difluorophenyl)cyclohexanepropanoic acid) 
[40, 41]?? γ-secretase ??? (GSI) ??????? curcumin[42]? genistain[43]?????
???? (Figure 9)?????Notch ???????????????????????
Notch??????????????????????????????????????
??????????????????? Notch ??????????????????
????????????????????????????????????? 
 
 
 
 
 
 
 
                DAPT                                   MK0752 
                               Figure 9 Reported Notch inhibitors. 
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Figure 8 Effect of Notch signaling on differentiation of neural stem cells 
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???	 ????? 
 
	 Hedgehog??????????????????????? GLI1?????????
????????????????, ???????? T-REx ???? (InvitrogenTM) ?
?????????????????????????????????T-REx ????
? E. coli Tn10??? tetracycline (Tc) ???????????????????????
???????Tet??????DNA?????pcDNA 4/TO??Tet repressor (TetR) ?
????? pcDNA 6/TR??????, Tc?????????????????????
?????? 
 
	 ?????????????????Dr. Rune Toftgård ?  (Karolinska Instituent, 
Sweden) ??????? 12GLI-RE-TKO (12xGLI1 ???? -TK prom. ??? ) ?
12xGLI1????-TK prom. (449 bp) ? pGL4.20 [luc2/Puro] ?????????????
?????pGL4-GLI BS?????????Dr. Fritz Aberger? (University of Salzburg) ?
???????? pcDNA3.1-GLI1, pcDNA 6/TR ????????????????? 
HaCaT cells[44]?????? pGL4-GLI BS???????1 µg/mL puromycin?? zeocin
???????????????????? 
 
	 Tc?????? tetR??????? pcDNA3.1-GLI1?? Tet???????? (TetO2) 
?????GLI1????????. Tc???????Tc? TetR??????????, ?
???????????TetO2??????????????? GLI1??????????
????GLI1? pGL4-GLI BS??GLI1??????????????????????
luciferase ????????????? luciferase ????luciferin ??????????
??????????? GLI1???????????? (Figure 1.1.1)? 
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 ???luciferase????????????????????????????????
fluorometric microculture cytotoxicity assay (FMCA) ?????????????????
?? luciferase?????????? 100 %????????????? luciferase???
??????????????? (Figure 1.1.2)? 
	 	 	 	 	 	 	 	  
!"#$%&#''()?
Stop?
2 x TetO2?
Transcription?
12 x GLI binding sites?
TetR? TetR?
Tc?
2 x TetO2?
GLI1?
-GACCACCCA -?
Luc.?
CMV prom.?
GLI1?
TK prom.?
TetR?
TetR?
CMV prom.?
GLI1?TetR? TetR?CMV prom.?
!"#$''()?
Luciferase 
Tc?
0 
25 
50 
75 
100 
(%) 
Luciferase activity 
Viability 
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Figure 1.1.1 Constructed cell-based assay system. Tc: tetracycline, CMV prom.; CMV promoter, TetR; 
tetracycline repressor, TetO2; tetracycline operator 2, TK prom.; TK promoter. 
Figure 1.1.2 GLI1 transcriptional activity and cell viability. 
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???  Themeda arguens? GLI1?????????????? 
 
	 ??????????????????????????GLI1???????????
?? Themeda arguens??????????????????????????????
????????????????????????????????????? 
 
Themeda arguens 
	 ???????? (Paceae) ??????????????????????????
????????????????????????????????????????
????????????????????? 
 
	 T. arguens???? 5 lot?????????????Lot?? MeOH????????
?? (Table 1.2.1)?????? Lot???? MeOH ext.???????????? (Figure 
1.2.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 
50 
100 
50 100 50 100 50 100 50 100 50 100 50 100 
(%)	 
(µg/mL)	 
Luciferase activity Viability 
Lot ???? ??????, ?? MeOH???? 
7-232 108.0 g 1L x 2? 7.1 g 
7-282 70.3 g 1.5 L x 2? 6.0 g 
7-291 101.9 g 1.5 L x 2? 6.9 g 
7-313 90.8 g 1L x 2? 9.0 g 
7-335 183.9 g 1L x 2? 15.4 g 
 Library        7-232         7-282         7-291         7-313          7-335 
 (7-173) 
Figure 1.2.1 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, EtOAc, H2SO4, Δ Right: ODS, MeOH: H2O 7:3, 10% H2SO4, Δ 
Library 232  282  291  313  335    Library 232 282   291  313  335 
Table 1.2.1 Extraction of T. arguens. 
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 ? Lot MeOH???? TLC???????????????Library?????????
????????? 7-335?????? MeOH??? (15.4 g) ???????????? 
 
	 KKP259 (7-335) ???? MeOH??? (15.4 g) ?????????????????
?? H2O, MeOH, acetone ???? Diaion HP-20 ???????????? (ø10x230 
mm) ?????????Fr.1A-1F??????? 1D, 1E?????? (Figure 1.2.2)? 
 
 
 
	 Fr.1D (2.2 g) ? CHCl3: MeOH?????????????????????????? 
(ø60 x 240 mm) ???????Fr.2A-2N???????2D, 2E?????? (Figure 1.2.3)? 
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(µg/mL) 
Luciferase activity Viability 
MeOH   1A     1B     1C    1D      1E     1F 
 ext. 
Figure 1.2.2 GLI1 mediated transcriptional activity, cell viability and TLC analysis. Left: Silica gel, 
CHCl3:MeOH 8:2 , H2SO4, Δ Right: ODS, MeOH:H2O 4:6, 10% H2SO4, Δ 
 
 1D    2A   2B    2C   2D   2E    2F   2G   2H    2I    2J    2K   2L   2M   2N 
Figure 1.2.3 GLI1 mediated transcriptional activity, cell viability and TLC analysis.  
Left: Silica gel, CHCl3:MeOH 8:2,anisaldehyde, Δ Right: ODS, MeOH:H2O 6:4, anisaldehyde, Δ 
1D 2A 2B 2C 2D 2E 2F 2G 2H 2I 2J 2K 2L 2M  
 
1D 2A 2B 2C 2D 2E 2F 2G 2H  2I 2J 2K  2L 2M 
 
 1A   1B  1C MeOH   1D  1E  1F       1A   1B   1C MeOH 1D   1E   1F 
                ext.                                    ext. 
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 Fr.2D (34.2 mg) ? H2O:MeOH (4:6-0:1) ??????????? ODS???????
????? (ø12x210 mm) ???????Fr.3A-3H??????? Fr.3C-3H?????
? (Figure 1.2.4).  
 
      
 
	 Fr.3E (11.2 mg) ? ODS HPLC (Develosil ODS-MG-5, ø10x250 mm,; eluent MeOH:H2O 
(6:4), wavelength 254 nm, flow late 3.0 mL/min) ??????1 (Fr.4C, 4.8 mg, tR 45 min) ?
?? 2 (Fr.4D, 2.3 mg, tR 49 min) ??? (Figure 1.2.5)? 
 
 
 
 
 
0 
20 
40 
60 
80 
100 
120 
13 25 50 13 25 50 13 25 50 13 25 50 13 25 50 13 25 50 13 25 50 13 25 50 13 25 50 
(%) 
(µg/mL) 
Luciferase activity Viability 
  2E       3A       3B       3C       3D       3E       3F      3G       3H 
Figure 1.2.4 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 9:1, anisaldehyde, Δ Right: ODS, MeOH:H2O 6:4, anisaldehyde, Δ 
 1D  3A 3B  3C  3D  3E  3F 3G 3H   3A  3B  3C 3D  3E  3F 3G  3H 
 
Column: Develosil ODS MG-5 (ø10 x 250 mm) 
Solvent: MeOH:H2O 6:4 
Flow: 3 mL/min 
Detection: UV 254 nm, RI 
Chart speed: 30 cm/hr 
Figure 1.2.5 HPLC chromatogram of Fr.3E and TLC analysis. Silica gel, CHCl3:MeOH 85:15, anisaldehyde, Δ 
  4C   4D 
   4A  4B         4C         4D 
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 Fr.2E (44.0 mg) ? H2O:MeOH (9:1-0:1) ????????????? ODS?????
??????? (ø12x220 mm) ?????? Fr.5A-5I??????? 5F?? 5G???
??? (Figure 1.2.6)? 
 
             
 
 
	 Fr.4G (8.7 mg) ? ODS HPLC (Develosil ODS-MG-5, ø10x250 mm,; eluent MeOH:H2O 
(53:47), wavelength 254 nm, flow late 3.0 mL/min) ??????2 (Fr.6B, 2.4 mg, tR 64 min) 
??? 3 (Fr.6C, 1.3 mg, tR 69 min) ??? (Figure 1.2.7)? 
 
 
 
0 
20 
40 
60 
80 
100 
120 
140 
13  25  50  13  25  50  13  25  50  13  25  50  13  25  50  13  25  50  13  25  50  13  25  50  13  25  50  13  25  50  
(%) 
(µg/mL) 
Luciferase activity Viability 
Figure 1.2.6 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 8:2,anisaldehyde, Δ Right: ODS, MeOH:H2O 6:4, anisaldehyde, Δ 
2E       5A      5B        5C      5D       5E       5F      5G        5H       5I    
2E 5A 5B 5C 5D 5E 5F 5G 5H  5I   2E 5A 5B 5C 5D 5E 5F 5G 5H 5I 
Column: Develosil ODS MG-5 (ø10 x 250 mm) 
Solvent: MeOH:H2O 53:47 
Flow: 3 mL/min 
Detection: UV 254 nm, RI 
Chart speed: 30 cm/hr 
 6A            6B   6C     6A  6B  6C  6D  4G  
Figure 1.2.7 HPLC chromatogram of Fr.3E and TLC analysis. Silica gel, CHCl3:MeOH 9:1, anisaldehyde, Δ 
others: 6D 
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 Fr.1E (2.5 g) ? CHCl3:MeOH??????????????????????? (PSQ 
100B, ø25x240 mm) ???????Fr.7A-7M??????? 7C-7G?????? (Figure 
1.2.8)? 
 
       
 
 
	 Fr.7C (159.9 mg) ? H2O:MeOH (1:1-0:1, 0:1+0.1 % TFA) ?????????????
ODS ???????????? (18x300 mm) ???????Fr.8A-8M ???????
8D-8H?????? (Figure 1.2.9)? 
 
      
0 
50 
100 
150 
200 
25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 25 50 
(%) 
(µg/mL) 
Luciferase activity Viability 
0 
50 
100 
150 
13 25 13 25 13 25 13 25 13 25 13 25 13 25 13 25 13 25 13 25 13 25 13 25 13 25 13 25 
(%) 
(µg/mL) 
Luciferase activity Viability 
 1E    7A     7B    7C   7D    7E     7F      7G   7H    7I     7J    7K    7L   7M 
Figure 1.2.8 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 8:2, 10% H2SO4, Δ Right: ODS, MeOH:H2O 7:3, 10% H2SO4, Δ 
  7A 7B  7C 7D 7E  7F 7G 7H  7I   7J  7K  7L 7M  1E    1E  7A 7B 7C  7D  7E  7F 7G 7H   7I  7J  7K  7L  7M 
 
7C    8A    8B   8C    8D    8E   8F      8G   8H      8I         8J   8K     8L   8M 
8A  8B  8C 8D 8E 8F 8G 8H 8I  8J 8K  8L 8M 7C   7C  8A  8B 8C 8D8E 8F 8G  8H 8I 8J  8K  8L 8M  
Figure 1.2.9 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 9:1, anisaldehyde, ΔRight: ODS, MeOH:H2O 9:1, anisaldehyde, Δ 
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 Fr.8E (10.6 mg) ? ODS HPLC (YMC-Pack ODS-AM, ø10x250 mm,; eluent MeOH:H2O 
(6:4), wavelength 254 nm, flow late 3.0 mL/min), ??????Fr.9A-9D ??? (Figure 
1.2.10)? 
 
 
	 Fr.9D? NMR??????????????? 1H-NMR????? 4????????
??????????????????? MeOH???? Sephadex LH-20??????
?????? (ø12x340 mm, eluent MeOH) ???????4 (Fr.10C, 1.1 mg) ????? 
 
	 Fr.7E (266.0 mg) ? H2O:MeOH (7:3-0:1)????????????? ODS?????
??????? (ø24x230 mm) ???????Fr.11A-11I??????? 11E-11H???
??? (Figure 1.2.11)? 
 
 
 
0 
20 
40 
60 
80 
100 
120 
6 13 25 6 13 25 6 13 25 6 13 25 6 13 25 6 13 25 6 13 25 6 13 25 6 13 25 6 13 25 
(%) 
(µg/mL) 
Luciferase activity Viability 
Column: Develosil ODS MG-5 (ø10 x 250 mm) 
Solvent: MeOH:H2O 53:47 
Flow: 3 mL/min 
Detection: UV 254 nm, RI 
Chart speed: 30 cm/hr 
 7E      11A       11B     11C     11D      11E      11F       11G       1qq      11I 
 7E 11A  11B 11C  11D 11E  11F 11G 11H  11I        7E  11A 11B 11C 11D  11E 11F  11G 11H  11I 
 
Figure 1.2.10 HPLC chromatogram of Fr.8E. 
Figure 1.2.11 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 9:1, anisaldehyde, Δ Right: ODS, MeOH:H2O 7:3, anisaldehyde, Δ 
9A             9B           9C                9D  
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 Fr.11F (45.3 mg) ? CHCl3:MeOH (1:1) ???? Sephadex LH-20
???????????? (ø 15x430 mm) ??? Fr.12A-12D??
??? (Figure 1.2.12)????????? Fr.12B?? 12C????
????? 
 
 
 
 
 
	 Fr.12B (23.7 mg) ? ODS HPLC (YMC-Pack ODS-AM, ø10x250 mm,; eluent MeOH:H2O 
(54:46), wavelength 254 nm, flow late 3.0 mL/min) ??????Fr.13A-13F??????
? Fr.13D (18.8 mg, tR 32 min) ? ODS HPLC (Cosmosil 5CN-MS, ø10x250 mm,; eluent 
MeOH:H2O (45:55), wavelength 254 nm, flow late 3.0 mL/min) ??????1 (Fr. 14B, 16.3 
mg, tR 12 min) ??? (Figure 1.2.13)? 
 
 
 
 
 
 
 
Figure 1.2.13 HPLC chromatogram of Fr.13D. 
 
	 Fr.12C (20.2 mg) ? ODS HPLC (YMC-Pack ODS-AM, ø10 x 250 mm,; eluent 
MeOH:H2O (6:4), wavelength 254 nm, flow late 3.0 mL/min) ?????? 2 (Fr.15D, 12.7 
mg, tR 66 min) ??? (Figure 1.2.14)? 
 
Figure 1.2.14 HPLC chromatogram of Fr.12C. 
Figure 1.2.12 TLC analysis. Silica gel,  
CHCl3:MeOH 9:1, 10% H2SO4, Δ 
   15A 15B 15C     15D 
others: 15E 
Column: Cosmosil 5CN-MS (ø10 x 250 mm) 
Solvent: MeOH:H2O 45:55 
Flow: 3 mL/min 
Detection: UV 254 nm, RI 
Chart speed: 30 cm/hr 
Column: YMC-Pack ODS-AM (ø10 x 250 mm) 
Solvent: MeOH:H2O 6:4 
Flow: 3 mL/min 
Detection: UV 254 nm, RI 
Chart speed: 30 cm/hr 
10F 12A 12B  12C 12D 
   14A 14B 1    4C 14D 
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???	 ?????????????? 
 
	 ??? 1 ????????????????ESIMS ???? m/z 415 [M+H]+?? 437 
[M+Na]+, ????[α]25D  +13 (c 0.5, MeOH) ?????1D?? 2D-NMR????????
????????????????????? 1? aciculatin?????[45]. 
 
	 ??? 2????????????????ESIMS???? m/z 415 [M+H]+, ????
[α]24D  +101 (c 1.0, MeOH) ?????1D?? 2D-NMR????????????????
????????????? 2? 7-de-O-methylaciculatin?????[46]. 
 
	 ??? 3????????????????ESIMS???? m/z 401 [M+H]+, ????
[α]24D  +70 (c 0.2, MeOH) ?????1D?? 2D-NMR?????????????????
????????????? 3? 8-C-?-D-boivinopyranosylapigenin?????[47]. 
 
	 ??? 4????????????????ESIMS???? m/z 413 [M+H]+, ????
[α]24D  +79 (c 0.27, MeOH) ?????1D?? 2D-NMR????????????????
?????????????? 4? aciculatinone?????[48]. 
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???	 ???? 
 
(1) ?????? GLI1????????? 
	 T. arguens?????????? 1-4? GLI1?????????????. ?????
? IC50???? (Figure 1.4.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           Figure 1.4.1 GLI1 transcriptional inhibitory activity. 
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(2) ??????????????? 
 
	 Hedgehog???????????????????????????? PANC-1 cells, 
?????? DU-145 cells?????? MCF-7 cells????????????????
?????????? (Figure 1.4.2 and Table 1.4.1)? 
 
 
 
 
O
OOH
H3CO
OHO
OH
HO
O
OOH
HO
OHO
OH
HO
O
OOH
HO
OHO
OH
HO
O
OOH
H3CO
OHO
OH
O
0 
20 
40 
60 
80 
100 
120 
140 
0.78 1.6 3.1 6.3 12.5 
(%)	 
(µM)	 
PANC-1 DU-145 MCF-7 C3H10T1/2 
0 
20 
40 
60 
80 
100 
120 
140 
1.6 3.1 6.3 12.5 25 
(%)	 
(µM)	 
0 
20 
40 
60 
80 
100 
120 
1.6 3.1 6.3 12.5 25 
(%)	 
(µM)	 
0 
20 
40 
60 
80 
100 
120 
1.6 3.1 6.3 12.5 25 
(%)	 
(µM)	 
1 
 
2 
3 
4 
Figure 1.4.2 Cytotoxicity of 1-4. 
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Table 1.4.1 GLI1 transcriptional inhibitory activity and cytotoxicity of 1-4. 
compound 
GLI1 transcriptional 
inhibition (IC50 µM) 
Cytotoxicity (IC50 µM) 
PANC-1 DU-145 MCF-7 C3H10T1/2 
1 1.8 >12.5 5.4 5.4 >12.5 
2 13.0 >25 >25 >25 >25 
3 10.6 23.8 16.5 7.8 >25 
4 24.3 >25 >25 >25 >25 
 
	 ???????? Table 1.4.1?????1?? 3? Hedgehog???????????
???????????????? DU-145?????? MCF-7????????????
???Hedgehog?????????????????????????C3H10T1/2??
?????????????????? Hedgehog ?????????????????
???????????????????????????? 
 
(3) 1?????????????? 
 
	 1???????????????????????????????????????
???????? GLI1????????? HaCaT cells?????? GLI1??????
????? Hedgehog ?????????????????????????????
BCL2?????? (Figure 1.4.3)?????????? DU-145???????????
??1 ??????? Hedgehog ????????????????? Hedgehog ???
????? PTCH1 ?? BCL2 ??????????????? 1 ? Hedgehog ????
????????????? 
 
            Figure 1.4.3 Western blot of assay cell and DU-145 after treatment of 1. 
?
HaCaT cells expressing exogenous 
transcriptional factor GLI1?
1 (!M)? -? -? 0.75? 1.5? 3.0?
tetracycline? -? +? +? +? +?
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???	 Withania somnifera????? 
 
Withania somnifera 
	 ??????? (Solanaceae) ???????????????????????????
???????????????????[47]????????????????????
????????????????????????????????????????
??? 
 
	 Withania somnifera??? (101.5 g) ? MeOH (1L x 3?) ??????? MeOH??? 
(22.8 g) ? H2O:MeOH:acetone (1:1:0, 0:1:0, 0:1:1, 0:0:1) ???? Diaion HP-20????
???????? (ø50x200 mm) ??????Fr.1A-1E??? (Figure 1.5.1)?GLI1??
????? 1C, 1D?????. 
   
 
 
	 Fr.1D (6.6 g) ? CHCl3: MeOH?????????????????????????? 
(ø45x430 mm) ???????Fr.2A-2N??????? 2F, 2H, 2I ?? 2J?????? 
(Figure 1.5.2)? 
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Fig. 1.5.1 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 9:1, H2SO4, Δ Right: ODS, MeOH: H2O 6:4, 10% H2SO4, Δ 
   1D    2A    2B     2C    2D    2E     2F    2G    2H     2I     2J     2K    2L    2M    2N 
Figure 1.5.2 GLI1 mediated transcriptional activity, cell viability TLC analysis. 
Left: Silica gel, CHCl3:MeOH 85:15, H2SO4, Δ Right: ODS, MeOH: H2O 6:4, 10% H2SO4, Δ 
MeOH 1A  1B   1C  1D  1E MeOH 1A  1B   1C 1D  1E 
 ext.                          ext. 
 1D 2A 2B 2C 2D 2E2F 2G 2H  2L 2J 2K 2I 2M 2N 2N  1D 2A 2B 2C 2D 2E 2F 2G 2H 2L 2J 2K  2I 2M 2N 2N 
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 Fr.2I (1252.0 mg) ? TLC????????????????????????
?????????????????????????????????????
Fr.2I ??? 6.25 mg ???, EtOAc:CHCl3???????????????? 1 
(5.8 mg) ??? (Figure 1.5.3)? 
 
 
 
	 Fr.2F (201.0 mg) ? H2O:MeOH (6:4-0:1) ????????????? ODS?????
??????? (ø12x192 mm) ??? Fr.3A-3K ?????????? 3F ?? 3I???
??? (Figure 1.5.4)? 
 
 
 
	 Fr.3F (48.4 mg) ? hexane:EtOAc:CHCl3:MeOH (6:4:0:0-0:0:0:1) ??????????
?????? (ø12x360 mm) ???????Fr.4A-4K??? (Figure 1.5.5)?Fr.4D (25.3 
mg) ??? X?????????????, 6????????????? Fr.4D????
?. 
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Figure 1.5.3 TLC analysis of 1. 
ODS, MeOH: H2O 8:2, anisaldehyde, Δ  1 
 3A    3B    3C    3D   3E    3F    3G    3H   3I     3J   3K   
Figure 1.5.4 GLI1 mediated transcriptional activity and cell viability and 4 TLC analysis. 
Left: ODS, MeOH:H2O 8:2, H2SO4, Δ Right: ODS, MeOH: H2O 95:5, 10% H2SO4, Δ 
2F  3A  3B  3C  3D 3E  3F  3G      2F  3G  3H   3I  3J   2K   
  3F     4A     4B     4D     4E     4F     4G     4H      
Figure 1.5.5 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH:H2O 95:5, anisaldehyde, Δ Right: ODS, MeOH: H2O 8:2, anisaldehyde, Δ 
3F 4A 4B  4C  4D 4E 4F 4G  4H    3F 4A 4B  4C  4D 4E 4F 4G  4H      
3F  4A 4B  4C 4D 4E  4F 4G  4H      3F  4A  4B  4C 4D 4E  4F  4G  4H  
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 Fr.2H (66.2 mg) ? H2O:MeOH (7:3-0:1) ????????????? ODS?????
??????? (ø15x276 mm) ???????Fr.5A-5J??? (Figure 1.5.6)?????, 
Fr.5H (7.8 mg) ?? 3????Fr.5F? silica gel TLC???????? Fr.5E?????
????????????????Fr.5D? NMR?????????????????? 
 
 
 
 
	 Fr.2J (573.4 mg) ? H2O:MeOH (7:3-0:1) ????????????? ODS?????
??????? (ø29x285 mm) ?????? Fr.6A-6J ??? (Figure 1.5.7)???? 6E
????????? 
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Figure 1.5.6 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH:H2O 85:15, anisaldehyde, Δ Right: ODS, MeOH: H2O 9:1, anisaldehyde, Δ 
  5A 5B 5C 5D 5E  5F 5G 5H 5I  5J   5A  5B 5C 5D 5E 5F 5G  5H  5I  5J 
 2J       6A        6B       6C        6E       6F       6G       6H        6I        6J 
  2J  6A  6B  6C  6D  6E   6F  6G   6H  6I  6J      2J  6A  6B  6C  6D  6E    6F  6G   6H  6I  6J 
 Figure 1.5.7 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH:H2O 9:1, anisaldehyde, Δ Right: ODS, MeOH: H2O 6:4, anisaldehyde, Δ 
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 Fr.6E (64.5 mg) ? CHCl3:MseOH (1:0-0:1) ???????????????????
??????????? (ø17x370 mm) ???????Fr.7A-7?? (Figure 1.5.8)???
? Fr.7F???????Fr.7E (2.0 mg) ?????????8??????????Fr.7G (3.0 
mg) ? 5????. 
 
 
 
	 Fr.7F (27.8 mg) ? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O 
(6:4), wavelength 254 nm, flow late 3.0 mL/min) ????? 5 (Fr.8B, 20.89 mg, tR 19 min) 
?? 9 (Fr.8C, 2.4 mg, tR 22 min) ??? (Figure 1.5.9)? 
 
Figure 1.5.9 HPLC chromatogram of Fr. 8F. 
	 Fr.1C (0.9 g) ? CHCl3:MeOH (9:1-0:1) ?????????????????????
????????? (silica N60, ø17x370 mm) ???????Fr.9A-9H ??? (Figure 
1.5.10)???? 9E?? 9F??????? 
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Figure 1.5.8 GLI1 mediated transcriptional activity, cell viability and TLC analysis. 
Silica gel, CHCl3:MeOH:H2O 95:5, anisaldehyde, Δ 
Column: Cosmosil Cholester (ø10x250 mm) 
Solvent: MeOH:H2O 6:4 
Flow: 3 mL/min 
Detection: UV 254 nm, RI 
Chart speed: 30 cm/hr 
 8A      8B       8C   others:8D 
  1C  9A    9B   9C   9D   9E   9F   9G  9H   
Figure 1.5.10 GLI1 mediated transcriptional activity, cell viability TLC analysis. 
Left: Silica gel, CHCl3:MeOH:H2O 7:3, anisaldehyde, Δ Right: ODS, MeOH: H2O 1:1, anisaldehyde, Δ 
 7A 7B 7C  7D 7E  7F 7G 7H    7I   7J   7K 
  1C  9A  9B  9C  9D  9E  9F  9G  9H    1C  9A  9B  9C  9D  9E  9F  9G  9H 
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 Fr.9F (21.7 mg) ? H2O:MeOH (7:3-0:1) ????????????? ODS?????
???????(ø17 x 270 mm)?????? Fr.10A-10D??? (Figure 1.5.11)????
10A?? 10C???????Fr.10C? NMR????? 5??????? 
 
  
 
 
 
	 Fr.10A (16.87 mg) ? ODS HPLC (Cosmosil Cholester, ø10 x 250 mm,; eluent 
MeOH:H2O (35:65), wavelength 254 nm, flow late 3.0 mL/min)??????10 (Fr. 11A, 4.4 
mg, tR 14 min)??? (Figure 1.5.12)? 
 
Figure 1.5.12 HPLC chromatogram of Fr. 10A. 
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Figure 1.5.11 GLI1 mediated transcriptional activity and cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH:H2O 7:3, anisaldehyde, Δ Right: ODS, MeOH: H2O 6:4, anisaldehyde, Δ 
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11A 
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???	 ?????????????? 
 
	 ??? 5 ???????????????ESIMS ???? m/z 469 [M-H]-?? 493 
[M+Na]+, ????[α]21D  +114 (c 0.56, CHCl3) ?????1D?? 2D-NMR????????
?????????????????????? 5? withaferin A?????[48]. 
 
	 ??? 6???????????????ESIMS???? 453 [M-H]-, m/z 455 [M+H]+
?? 477 [M+Na]+, ????[α]16D  +268 (c 0.5, CHCl3) ?????1D?? 2D-NMR???
?? X???????????? 6? 27-deoxywithaferin A?????[49].  
 
	 ?? 7???????????????ESIMS???? m/z 477 [M+Na]+, ????[α]25D  
+68 (c 0.17, CHCl3) ?????1D?? 2D-NMR??????????????????
??????????? 7? 5,6-deoywithaferin A?????[50]. 
 
	 ???8???????????????ESIMS????m/z 471 [M-H]-?? 473 [M+H]+, 
????[α]24D  +12 (c 0.91, CHCl3) ?????1D?? 2D-NMR????????????
????????????????? 8? 2,3-dihydroxywithaferin A?????[51]. 
 
	 ??? 9 ???????????????ESIMS ???? m/z 504 [M+H]+?? 526 
[M+Na]+, ????[α]25D  +0.8 (c 1.0, dioxane) ?????1D?? 2D-NMR???????
?????????????????????? 9 ? 2,3-dihydro-3β-methoxywithaferin A
?????[48]. 
 
	 ??? 10???????????????ESIMS???? m/z 567 [M-H]-, ????[α]26D  
+22 (c 0.21, MeOH) ?????1D?? 2D-NMR??????????????????
??????????? 10? 2,3-dihydro-3β-O-sulfate withaferin A?????[48]. 
 
 
 
 
 
 
 29 
???	 ???? 
 
(1) ?????? GLI1????????? 
 
	 W. somnifera?????????? 5-10 ? GLI1?????????????. ???
??? IC50???? (Figure 1.7.1 and Figure 1.7.2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.7.1 GLI1 transcriptional inhibitory activity of 5-7. 
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(2) ??????????????? 
 
	 Hedgehog???????????????????????? PANC-1 cells, DU-145 
cells ?? MCF-7 cells ??????????????? (Figure 1.7.3, Figure 1.7.4 nad 
Table 1.7.1). 
 
 
 
 
 
Figure 1.7.3 Cytotoxicity of 5. 
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Figure 1.7.2 GLI1 transcriptional inhibitory activity of 8-10. 
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Figure 1.7.4 Cytotoxicity of 6-10. 
O
O O
OH
O
H
H
H
H
H
O
O
OH
O
OH
O
H
H
H
H
H
HO3SO
O
O
OH
O
OH
O
H
H
H
H
H
H3CO
O
O
OH
O
OH
O
H
H
H
H
H
8  
9  
10 
0 
20 
40 
60 
80 
100 
120 
0.3 2.5 5 10 
(%) 
(µM)	 
0 
20 
40 
60 
80 
100 
120 
3 6 12.5 25 
(%) 
(µM)	 
0 
20 
40 
60 
80 
100 
120 
3 6 12.5 25 
(%) 
(µM)	 
0 
20 
40 
60 
80 
100 
120 
1 5 10 25 
(%) 
(µM)	 
0 
20 
40 
60 
80 
100 
120 
140 
1 5 10 25 
(%) 
(µM)	 
O
O
OH
O
OH
H
H
H
H
H
6 
7  
6  
 32 
Table 1.7.1 GLI1 transcriptional inhibitory activity and cytotoxicity of 5-10. 
compound 
GLI1 transcriptional 
 inhibition(IC50 µM) 
Cytotoxicity (IC50 µM) 
PANC-1 DU-145 MCF-7 C3H10T1/2 
5 0.5 1.6 2.5 6.3 4.9 
6 0.6 1.1 1.8 2.8 4.1 
7 1.8 11.9 10.6 22.6 >25 
8 14.8 >25 >25 >25 >25 
9 >25 >25 >25 >25 >25 
10 2.2 14.8 21.7 17.9 21.0 
 
	 ???????? Table ?????5, 6, 7?? 10? Hedgehog??????????
?????????????????????? C3H10T1/2?????????????
?, 8?? 9? 25 µM????????????????? 
 
(3) 5, 6?? 7?????????????? 
 
	 ??? 5, 6?? 7???????????????????????????????
??????? 5, 6?? 7???????? GLI1????????????Hedgehog?
????????? PTCH?? BCL2?????? (Figure 1.7.5 and Figure 1.7.6)????
PANC-1 ????? PTCH ?? BCL2 ??????????????? 5, 6 ?? 7 ?
Hedgehog????????????????? 
 
  
 
 
 
 
 
 
 
Figure 1.7.5 Western blot of assay cells and PANC-1 after treatment of 5. 
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Figure 1.7.6 Western blot of assay cells and PANC-1 after treatment of 6 and 7. 
 
 
 
 
 
 
?
?
?
?
?
?
?
?
?
GLI1 
 
PTCH 
 
BCL2 
 
!-actin?
7 ("M)? -? -? 1.0? 3.0? 5.0?
tetracycline? -? +? +? +? +?
HaCaT cells expressing exogenous 
trascriptional factor GLI1?
GLI1 
 
PTCH 
 
BCL2 
 
!-actin?
6 ("M)? -? -? 0.4? 0.8? 1.5?
tetracycline? -? +? +? +? +?
HaCaT cells expressing exogenous 
trascriptional factor GLI1?
 0.55           1.0         0.71         0.36           0.34?
6 (!M)? 0? 1.0? 3.0? 5.0?
PANC-1 (pancreatic cancer)?
PTCH 
 
BCL2 
 
"-actin?
7 (!M)? 0? 5.0? 10? 20?
PANC-1 (pancreatic cancer)?
PTCH 
 
BCL2 
 
"-actin?
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???	 EMSA (Electrophoretic Mobility Shift Assay) ???? 
 
	 Electrophoretic Mobility Shift Assay (EMSA) ? DNA????????????????
?????????? DNA?????????? Native page????????????
? DNA?????. ??? DNA??????????????????Free? DNA??
?????????????????????????????????? (Figure 1.8.1)?
???????????????????? GST-GLI1 ????? (171 (Arg)-515 (Arg)) 
? 5’??????????? GLI1 ??????? DNA ?? (23 bases, forward; 5’ - 
biotin-AGCTACCTGGGTGGTCTCTTCGA - 3’ (???;GLI1????[52]), reverse; 5’- biotin 
- TCGAAGAGACCAGGTAGCT - 3’) ???????????????????? DNA?
GST-GLI1????????????????????????????????????
???????????????????GLI1?????????????GLI1-DNA?
?????????????????? 
 
 
 
 
Figure 1.8.1 EMSA  
 
 
 
 
??????DNA??????,DNA
?????????????????
?????????????. 
Native page?
Labeled DNA?
????GLI1-DNA?????????? GLI1?DNA??????????????. 
free DNA 
Compound?
171 (Arg)-515 (Arg)?
Biotin labeled DNA?
(23 bp)?
Compound?GLI1?DNA??????.?
??????????!?
GST-GLI1?GST-GLI1?
GST-GLI1?
GST-GLI1? GST-GLI1?
Reaction mixture?
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 ????????? GST-GLI1 ?????????????????????????
??????????? DNA???????????????? GST-GLI1??????
????????????????????????????????? GLI1?????
?? (?? i) ?????????????????? (Figure 1.8.2)? 
 
Figure 1.8.2 UV spectrum and concentration of GST-GLI1 protein produced at condition (i). 
 
	 ????? nanodrop2000 ?? A260/A280?????? 1.5?2.1 ????260 nm ???
??????, ???? DNA ???????????????????????????
DNA??????????????????????? GST-GLI1??????????
???, ??????? 
 
	 ????NaCl???????????????????????????????DNA
??????????????????????? PBS??NaCl??? 500 mM ???
?? NaCl????????? (?? ii)? 
 
 
 
 
 
 
 
 
 
	 ??????????? 500 mM PBS????? A260/A280?????????????
260 nm ??????????????? (Figure 1.8.3). ??????????????
??????????? NaCl???? PBS???????????? DNA??????
???????????????????? 280 nm?????????????? 
?  A260/A280 ??????? (microBCA) 
(i) 2.12 114 µg/mL 
 A260/A280 ??????? (microBCA) 
(ii) 2.02 118 µg/mL 
        (i)           (ii) 
	   ?   ?    ?    ?   ?   ? 
? ????? ? ??? ? ??? 
Figure 1.8.3 UV spectrum and concentration of GST-GLI1 protein produced at condition (ii). 
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 ?????????????????PBS? DNase I???????????????
?????. ?????(iii) 10 µg/mL DNase I, (iv) 50 µg/mL DNase I ?????????
??????????????????? (v) 50 µg/mL DNase I???????????
??? 500 mM PBS????????????? 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
	 Nanodrop2000??? UV????????????DNase I????? 260 nm???
???????? A260/A280 ????????????  (Figure 1.8.4)???????
A260/A280????? DNase I???????? NaCl???? PBS??????????
?????????????????????????????10?? 50 µg/mL DNase I
???????????????????????????????????????. 
 A260/A280 ??????? (microBCA) 
(i) 1.53 118 µg/mL 
(iii) 1.63 245 µg/mL 
(iv) 1.67 213 µg/mL 
(v) 1.21 250 µg/mL 
      (i)             (iii)              (iv)                (v) 
 ? ?  ? ?     ? ?  ?  ?     ? ?   ?  ?       ?  ? ?  ? 
? ????? 
? ??? 
? ??? 
? ??? 
(i)                                        (iii) 10 µg/mL DNase I 
 
 
   
 
(iv) 50 µg/mL DNase I                          (v) 50 µg/mL DNase I    
                                                + 500 mM NaCl-PBS wash 
Figure 1.8.4 UV spectrum and concentration of GST-GLI1 protein produced at condition (iii), (iv) and (v). 
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DNase I????????????????????????????????? DNase
??????????? 
 
	 Buffer A????????????? APMSF? DTT???????????????
????????????????????????????????????????
?????buffer A??????????????????(i) PBS??????????
? PBS???, (vi) buffer A??????, ???? PBS????? (vII) buffer A???
????????? 1M NaCl PBS ???, ????????????  
 
 
 
 
 
 
 
 
??????	 
????	 
????	 
????	 (load? 2?)	 
???? 
 
 
 
 
	 ????? buffer A???????? (vi) ?? UV????????????????
?????????? 1M NaCl PBS??????? (vii) ?? UV??????????
260 nm?? 280 nm????? (Figure 1.8.5)????????????? DNA????
??????????????????????EMSA??????. ?????????
??? buffer?PBS?? buffer A?????????????????? 5???????
?? buffer A?????????????????????????????????? 
?  A260/A280 ??????? (microBCA) 
(i) 2.01 86 µg/mL 
(vi) 1.56 471 µg/mL 
(vii) 0.76 469 µg/mL 
?(red):  ??(i) 
?(blue): ??(vi) 
       (i)                  (vi)                  (vii) 
     ? ?  ? ? ?    ?   ?  ? ? ?       ? ?  ? ? ? 
? (brown): ??(i) 
? (red):   ??(vii) 
? (red): ??(vi) 
? (blue): ??(i) 
Figure 1.8.5 UV spectrum, CBB stating and concentration of GST-GLI1 protein produced at condition (vi) and (vii). 
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EMSA????????? DNA???????? 
 
	 ????GST-GLI1?????? target DNA?????????????? EMSA??
???. ?????????????????????? DNA?GST-GLI1???????
???????????? (Figure 1.8.6)?????? (vi) ?? (vii) ?????????
??????????? (i) ???????? 1??????????????? (i)  
??? (vi) ?? (vii) ?? Free DNA ?????????????????? 2 ????
???? buffer A ????????????????????????????????
????????????????????????????????????????
????????? buffer A????
?????????????????
??????????? (ii: ???
???? 0.5 M NaCl PBS????.) 
?????????????????
?????????? well ?? (?
????) ???????????
?????????????????
?????????????????
????????????????
??????? 
 
	 ?????????????????? (ii) ??? PBS? NaCl??????????
? (viii ;????? PBS??????????? 1 M NaCl PBS????.) ??????
?????? 
 
 
 
?  A260/A280 ??????? (microBCA) 
(viii) 1.01 52 µg/mL 
   ?	 	 	 ?	 	 ?	 	 	 ?	 	 	 ?	 
??????	 ????	 
????	 ????	 (load? 2?)	 
???? 
Figure 1.8.7 UV spectrum, CBB stating and concentration of GST-GLI1 protein produced at condition (viii). 
(i)? (vi)? (vii)?
GST-GLI1 (ng)? -? 100? 200? 100? 200? 100? 200?
Biotin labeled 
target DNA?
+? +? +? +? +? +? +?
!?GST-GLI1?
! ?
! ?
Free DNA?
! ?
! ?
Figure 1.8.6 EMSA performed with GST-GLI1 protein  
produced at condition (vi) and (vii). 
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 ?? (viii) ???? (vii) ???? 260 nm????????260-280 nm???????
???????? (Figure 1.8.7)?????A260/A280??? 1.01????????? (i) ?
??? 260 nm?????????????????? DNA?????????????
?????????????280 nm????????????????????????
????????????????????????????????????????
?????? 
 
	 ?? (viii) ?????? EMSA? DNA???????????????????? (i ;
??????????? PBS?????) ???? (vii ; ????? buffer A??????
? 1M NaCl PBS) ????. ?? (viii) ????????????? (i) ??????? 1
?????????????????????
??? Free DNA ????????? (Figure 
1.8.8)????A280/A260???????????
?? (iv) ?????????????????
?????????????????????
?GST-GLI1??????? 200 ng (3.16 pmol) 
????, ????????????????
????????? GST-GLI1 ??????
200 ng/ well???????? 
 
???? 
 
	 ?? (viii) ???????????????????GST ??????????. GST
??????????????????????????GST-GLI1?GST????GLI1
?? DNA???????????? 
 
 
 
?  A260/A280 ??????? (microBCA) 
GST 0.64 464 µg/mL 
    ?   ?   ?   ? 
(i)? (vii)? (viii)?
GST-GLI1 (ng)? -? 100? 200? 100? 200? 100? 200?
Biotin labeled 
target DNA?
+? +? +? +? +? +? +?
!?GST-GLI1?
! ?
! ?
Free DNA?
! ?
! ?
Figure 1.8.8 EMSA performed with GST-GLI1 protein 
produced at condition (vii) and (viii). 
①	   ????? 
②	   ??? 
③	   ??? 
④	   ???  
Figure 1.8.9 UV spectrum, CBB stating and concentration of GST-GLI1 protein produced at condition (viii). 
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 GST?????? GST-GLI1????????????????UV??????? 260 
nm??????????A260/A280??????? (Figure 1.8.9). 
 
	 EMSA????????? GST-GLI1?????? 200 ng/well, GST?????? 120 
ng/well????????????????????????? DMSO?????????
???? 10 % (??? 20 µL? 2 µL) ?? 20 % (4 µL) ??????????????? 
(Figure 1.8.10)? 
 
 
 
 
 
 
 
 
 
 
 
                             Figure 1.8.10 Competition assay. 
 
	 GST-GLI1??? DNA??????????? (2). ?? DNA? GST-GLI1?????
??????????? DNA??? DNA? 200??????????? (3). ???GLI1
??????????? mutant DNA? 200????????????????????
??? (4)?????GST ????????????????????????????
? (5)??????????? GST-GLI1 ????? GLI1 ?????????? DNA ?
????????????????. ??, ?????? DMSO??? 0 %, 1 % (0.2 µL), 
10 % (2 µL), 20 % (4 µL) ????????????????????????????Free 
DNA????????(Figure?? 6-10)?DMSO??????????????????
??? 1 % (0.2 µL) ??????????? 
 
 
 
 
1? 2? 3? 4? 5? 6? 7? 8? 9? 10?
GST-GLI1 (200 ng)? +? +? +? +? +? +? +?
Biotin free labeled DNA? +? +? +? +? +? +? +? +? +? +?
Biotin free target DNA? +?
Biotin free mutant DNA? +?
GST (120 ng)? +?
DMSO (!M)? 0? 0.2? 2? 4?
!?GST-GLI1?
! ?
! ?
Free DNA?
! ?
! ?
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EMSA???????? GLI1-DNA????????????? 
 
	 ?????????????????? GLI1-DNA ???????????????T. 
arguens?????????????????????????? 1 (IC50 1.8 µM) ???
?????????? 2 (13.0 µM) ???????? (Figure 1.8.11). ???? 1 ? 200 
µM ???? GLI1-DNA ??????????????????. ?????? 1 ? GLI1
?????????? GLI1-DNA????????????????????. ???2?
??????????????????????????????????? 7 ????
??????????????????? 
 
	 ??????????, W. somnifera????????? GLI1?????????? 5 
(IC50 0.5 µM) ?????????????????? 8 (IC50 14.8 µM) ????????
??5??????? GLI1-DNA?????????????? 5? GLI1???????
??? GLI1-DNA????????????????????. ???8????????
??????????????????????? 5? GLI1???????? αβ-???
?????????????????????? 
 
Figure 1. 8.11 EMSA with GLI1 transcriptional inhibitors. 
?
?
?
?
?
?
?
Free DNA 
1 2 
Compound (!M) 0  0 50 100 200 50 100 200 
GST-GLI1 (200 ng) - + + + + + + + 
Biotin labeled target DNA + + + + + + + + 
GST-GLI1?
5 8 
Compound (!M) 0 0 10 50 100 10 50 100 
GST-GLI1 (200 ng) - + + + + + + + 
Biotin labeled target DNA + + + + + + + + 
GST-GLI1?
Free DNA 
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?? Hedgehog????????????? 
 
	 GLI1 ?????????? 2 ????? MeOH ??? (Themeda arguens, Withania 
somnifera) ?????????10???????????10?????? GLI1????
?????????? 6????? (1, 3, 5, 6, 7, 10) ? Hedgehog??????????
?????????????????1?? 3????? C3H10T1/2 cells???????
???????, ??? 5, 6, 7?? 10?C3H10T1/2 cells??????????withanolide
?????????????NF-?B ??????????????????????
Hedgehog ???????????????????????????????????
??4????? (1, 5, 6, 7) ???????????????? hedgehog??????
??????? Hedgehog??????? PTCH?????????????? BCL2?
?????????EMSA???? 1 ?? 5 ? GLI??????? DNA??? GLI??
?????????????????????????? (2, 8) ???????????
???????????????????? 1 ?? 5 ? GLI1 ??????????
GLI1-DNA????????????????? 
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???	 Notch?????????? 
 
???	 ????????? 
 
	 Notch??????????????????????????????????T-Rex
????????????????????????????????????????
??????????????????????????? ?? ??????????
????, ???????LS714T cells?????????LS174T cells/TET-ON-NICD?
?????????????FLAG-NICD1 (N-kozak-Flag-mouseNotch1:1704-2531) ???
??????????pcDNA4.0-FLAG-NICD1??pcDNATM6/TR???????????
?? 
 
	 ???????LS174T/TET-ON-NICD?, TP-1-luc (981-6, RIKEN) ??Sal I?Xho I??
?????404 bp (12x RBP-Jκ????-?-globin promoter) ?pGL4.20?Xho I?????
????????????????puromycin (final conc. 1 µg/mL) ??????????
???????????????????????Doxycycline??????TetR????
NICD??????40 a.a.???N-kozak-Flag-mouseNotch:11704-2531 (Notch?E) ???
???????????γ-secretase???????NICD?????????NICD???
??MAML??RBP-Jκ???????????????????luciferase???????
?????? luciferase???? luciferin?????????????????????
Notch???????????????? (Figure 2.1.1)?Notch??????????GSI
???????, γ-secretase???????????????????????????
??????????????????????? [53]. ???????????
γ-secretase?????????????????????????????????
Notch????????????????. 
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 ???luciferase ?????????????????????????? FMCA ??
??????????????????????? luciferase?????????? 100 %
????????????? luciferase??????????????????? 
 
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
RBP-J! ?????
NICD?
Luc. 
RBP-J!?
!"!#?
Without   DOX? With DOX?
stop?
pCMV? Notch!E?
TetR?
Transcription? TetR?
DOX?
"-secretase?
Luciferase 
Notch #E?
!"#$#%&'&&&((?
TetR?
pCMV?
pCMV? Notch!E?
DOX?
TetR?TetR?
40 a.a.?
Figure 2.1.1 Constructed cell-based assay system. Dox: doxycycline, CMV prom.; CMV promoter, TetR; 
tetracycline repressor, TetO2; tetracycline operator 2, MAML; mastermind-like protein 
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???	 ??????????????????????????? 
 
	 ?????????????????????????KKB1-343 ??? Notch ???
???????????????????????????????? (Figure 2.2.1, 
Figure 2.2.2)? 
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Figure 2.2.1 Screening of KKB plant extract library. 
 46 
 
 
 
                    Figure 2.2.2 Screening of KKB plant extract library. 
 
	 Viability ? Luciferease ????? ? 30 %????????????22 ??????
19????? Notch???????????????????????????????
??. 
KKB9 Sida acuta 
KKB12 Derris indica 
KKB14 Physaris minima 
KKB50 Urginea indca 
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KKB60 Ricinus communis L. (Benna) 
KKB69 Calotropis giguntea 
0 
100 
200 
17
7 
17
8 
17
9 
18
0 
18
1 
18
2 
18
3 
18
4 
18
5 
18
6 
18
7 
18
8 
18
9 
19
0 
19
1 
19
2 
19
3 
19
4 
19
5 
19
6 
19
7 
19
8 
19
9 
20
0 
20
1 
20
2 
20
3 
20
4 
20
5 
20
6 
21
0 
21
1 
21
3 
21
5 
21
6 
21
7 
21
8 
21
9 
22
0 
22
1 
22
2 
22
3 
(%) Luciferase Viability 
0 
50 
100 
150 
200 
250 
22
4 
22
5 
22
6 
22
7 
22
8 
22
9 
23
0 
23
2 
23
4 
23
5 
23
6 
23
7 
23
8 
23
9 
24
1 
24
2 
24
3 
24
4 
24
5 
24
6 
24
7 
24
9 
25
0 
25
1 
25
2 
25
4 
25
5 
25
6 
25
7 
25
9 
26
0 
26
1 
26
2 
26
3 
26
4 
26
5 
26
6 
26
9 
27
1 
27
2 
27
3 
27
4 
(%) Luciferase Viability 
0 
50 
100 
150 
200 
250 
27
5 
27
8 
27
9 
28
0 
28
1 
28
2 
28
3 
28
4 
28
5 
28
6 
29
9 
31
4 
31
5 
31
6 
31
7 
31
8 
31
9 
32
0 
32
1 
32
2 
32
3 
32
5 
32
6 
32
7 
32
8 
32
9 
33
0 
33
1 
33
2 
33
5 
33
6 
33
7 
33
8 
33
9 
34
0 
34
1 
34
2 
34
3 
(%) Luciferase Viability 
 47 
KKB93 Ammannia baccifera Linn 
KKB95 Aphanamixis polystachya 
KKB107Vallaris solanacea (stem) 
KKB111Phyllanthus emblica  
KKB126 Sida acuta 
KKB131Elephantopous scaber L. 
KKB139 Microcos paniculata 
KKB162 Calotropis procera (leaves) 
KKB163 Calotropis procera (stem) 
KKB204Solanum nigrum 
KKB228Rauwolfia serpentina (root) 
KKB250 Ficus hispida (stem) 
KKB251 Ficus hispida (leaves) 
KKB255 Xanthium strumarium 
KKB279 Semecarpus anacardium 
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
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???	 C. gigantea????????? 
 
Calotropis gigantean 
	 ????????? (Asclepiadaceae) ??????????????????????
??crown flower? milk weed???????????????????????????
?????????????????????????????[54]? 
 
	 C. gigantea??????????????Wnt??????????????????
?????? 6????? 11-16????????? (Figure 2.2.1)[55]?  
 
Figure 2.2.1 Structure of isolated compounds for C. gigantea. 
 
	 ???????????????????????????????????????
??????????? 25?? 50 µg/mL???? hexane??? 90% MeOH?????
?????? Notch?????????????Fr.8C????????????????
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Figure 2.2.2 Notch signaling activity and cell viability. 
 
	 ??????????????????? Crude ?????????????????
??????????????????????1D, 2D???????????????
???????????? (Figure 2.2.3). 4B? TLC???? 14???????????
?????????????????????????? 
 
Figure 2.2.3 Notch signaling activity and cell viability. 
 
	 Fr.1D (5 g) ?MeOH:H2O?????ODS???????????? (ø32x260 mm) ?
??????Fr.14A-14G????Notch????????? 14A-14E?????? (Figure 
2.2.4)???? Fr.14C???????????????? 
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 50 
 
 
 
	 Fr.14C (395 mg) ? CHCl3:MeOH???????????????????(PSQ 100B, 
ø29x230 mm) ??? Fr.15A-15G????, 11 (15C, 85 mg) ????Fr.15A-15G???
???????? Fr.1D?????? 11??????????? (Figure 2.2.5)? 
 
 
 
	 Fr.4B (84 mg) ? CHCl3:MeOH ???????????????????(PSQ 100B, 
ø27x205 mm) ?????? Fr.16A-16I??, 14 (Fr.16D, 36 mg) ???????????
????????? 16F?????? (Figure 2.2.6)? 
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Fig. 2.2.4 Notch signaling activity, cell viability and TLC analysis.  
Left: Silica gel, CHCl3:MeOH 85:15, anisaldehyde, Δ Right: ODS, MeOH: H2O 6:4, anisaldehyde, Δ 
 
 1D   14A  14B  14C  14D  14E  14F  14G     1D   14A  14B   14C  14D  14E 14F   14G 
 
Figure 2.2.5 Notch signaling activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 9:1, anisaldehyde, Δ Right: ODS, MeOH: H2O 6:4, anisaldehyde, Δ 
 1D      15A      15B      15C       15D       15E       15F      15G 
 
  1D  14C  15A 15B 15C 15D 15E  15F 15G   1D  14C  15A 15B 15C 15D 15E  15F 15G  
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 Fr.3E (11.2 mg) ? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O 
(48:52), wavelength 220 nm, flow late 3.0 mL/min) ??????12 (Fr.18A, 9.7 mg, tR 12 
min) ??? 17 (Fr.16B, 6.5 mg, tR 16 min) ??? (Figure 2.2.7)? 
 
Figure 2.2.7 HPLC chromatogram of Fr.3E. 
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(µg/mL)	 
Luciferase activity viability 
4B     16A       16C     16E       16F      16G     16H      16I 
Fig. 2.2.6 Notch signaling activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 9:1, phosphomolybdic acid Right: ODS, MeOH: H2O 6:4, anisaldehyde, Δ 
 
  4B 16A  16B 16C 16D 16E  16F 16G  16H 16I       4B  16A 16B 16C 16D 16E  16F 16G  16H 16I 
 
Column: Chosmosil Cholester (ø10 x 250 mm) 
Solvent: MeOH:H2O 48:52 
Flow: 3 mL/min 
Detection: UV 220 nm 
Chart speed: 30 cm/hr 
16A        16B   
	 	  others: 16C 
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 Fr.17F (10 mg) ? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O 
(45:55), wavelength 220 nm, flow late 3.0 mL/min) ??????18 (Fr.19E, 0.4 mg, tR 72 
min) ??? (Figure 2.2.8)? 
 
Figure 2.2.8 HPLC chromatogram of Fr.17F. 
 
	 Fr.2D (180 mg) ?H2O:MeOH (3:7-0:1) ???????????ODS????????
???? (ø27x245 mm) ?????Fr.20A-20I ??????? Fr.20D-20F ?????? 
(Figure 2.2.9).  
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Luciferase activity Viavility 
  17A 17B 17C            17D             17E  17F 
 
 others: 17G 
   20A       20B      20C     20D      20E      20F      20G     20H       20I 
Figure 2.2.9 Notch signaling activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 9:1, anisaldehyde, Δ Right: ODS, MeOH: H2O 7:3, anisaldehyde, Δ 
 2D  20A 20B  20C 20D 20E 20F 20G 20H 20I      2D  20A 20B  20C 20D 20E 20F 20G 20H 20I 
Column: Chosmosil Cholester (ø10x250 mm) 
Solvent: MeOH:H2O 45:55 
Flow: 3 mL/min 
Detection: UV 220 nm 
Chart speed: 30 cm/hr 
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 Fr.20D (112.1 mg) ? H2O:MeOH (4:6-3:7) ??????????? ODS??????
?????? (ø23x245 mm) ?????Fr.21A-21F??????? Fr.21B-21E????
?? (Figure 2.2.10). 
 
 
 
	 Fr.21B (49.2 mg) ? ODS HPLC (Cosmosil 5CN-MS, ø10x250 mm,; eluent MeOH:H2O 
(4:6), wavelength 210 nm, flow late 3.0 mL/min) ??????16 (Fr.22B, 17.5 mg, tR 12 
min) ?? 17 (Fr.22E, 3.5 mg, tR 19 min)??? (Figure 2.2.11)? 
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Figure 2.2.10 Notch signaling activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 95:5, anisaldehyde, Δ Right: ODS, MeOH: H2O 7:3, anisaldehyde, Δ 
Column: Chosmosil Cholester (ø10x250 mm) 
Solvent: MeOH:H2O 4:6 
Flow: 3 mL/min 
Detection: UV 220 nm 
Chart speed: 30 cm/hr 
Figure 2.2.11 HPLC chromatogram of Fr.21B and TLC analysis. ODS, MeOH: H2O 6:4, phosphomolybdic acid, Δ 
22A                      22B  22C    22D  22E 
others: 17F 
 
   20D   21A     21B   21C    21D  21E     21F  
  20D  21A 21B  21C  21D 21E  21F  20D 21A 21B 21C 21D 21E 21F  
 
22A  22B  22C  22D   22E  22F 
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 Fr.20E (21.1 mg) ? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O 
(65:35), wavelength 210 nm, flow late 3.0 mL/min) ??????16 (Fr.23F, 1.6 mg, tR 19 
min) ??? (Figure 2.2.12)? 
 
Figure 2.2.12 HPLC chromatogram of Fr.20E. 
 
	 Fr.20F (10.3 mg) ? CHCl3:MeOH????????????????????????
? (ø12 x 180 mm) ???????15 (Fr.24D; 2.6 mg, Fr24E; 1.9 mg) ?? 17 (Fr.24F, 1.1 
mg) ??? (Figure 2.2.13)? 
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  23A 23B 23C 23D 23E         23F               23G  others: 23H 
 
 
Figure 2.2.13 Notch signaling activity, cell viability and TLC analysis. 
Left: Silica gel, CHCl3:MeOH 95:5, anisaldehyde, Δ Right: ODS, MeOH: H2O 7:3, anisaldehyde, Δ 
 20F   24A   24B   24C   24D   24E    24F   24G   24H 
  20F 24A 24B 24C 24D 24E 24F  24G 24H 
Column: Chosmosil Cholester (ø10x250 mm) 
Solvent: MeOH:H2O 65:35 
Flow: 3 mL/min 
Detection: UV 220 nm 
Chart speed: 30 cm/hr 
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???	 ?????????????? 
 
	 ??? 11????????????????ESIMS???? m/z 610 [M+Na]+, ???
?[α]24D  +10 (c 1.0, CHCl3) ?????1D?? 2D-NMR????????????????
????????????? 11? uscharin?????[56]. 
 
	 ??? 12????????????????ESIMS???? m/z 573 [M-H]-, ????
[α]27D  +12 (c 1.0, CHCl3) ?????1D?? 2D-NMR?????????????????
???????????? 12? asclepin?????[57]. 
 
	 ??? 14????????????????ESIMS???? m/z 531 [M-H]-, ????
[α]24D  +61 (c 1.0, MeOH) ?????1D?? 2D-NMR?????????????????
???????????? 14? calotropin?????[56]. 
 
	 ??? 15????????????????ESIMS???? m/z 610 [M+Na]+, ???
?[α]27D  +71 (c 0.3, EtOH) ?????1D?? 2D-NMR????????????????
????????????? 15? vorscharin?????[58]. 
 
	 ??? 16????????????????ESIMS???? m/z 553 [M+Na]+, ???
?[α]26D  +20 (c 0.6, EtOH) ?????1D?? 2D-NMR????????????????
????????????? 16? uscharidin?????[56]. 
 
	 ??? 17????????????????ESIMS???? m/z 585 [M+Na]+, ???
?[α]27D  -3 (c 1.0, CH2Cl2) ?????1D?? 2D-NMR????????????????
????????????? 17? calactinic acid methyl ester?????[59]. 
 
	 ??? 18????????????????ESIMS???? m/z 604 [M+H]+, ????
[α]27D  -16 (c 0.4, MeOH) ?????1D?? 2D-NMR?????????????????
???????????? 18? 16-β-hydroxyuscharin?????[60]. 
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???	 ???? 
 
??? 11-18? Notch???????? 
 
	 C. gigantea?????????? 11-18? Notch?????????????. ???
??? IC50???? (Figures 2.4.1, 2.4.2 and 2.4.3). 
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Figure 2.4.1 Structures and Notch signaling activities of 11-13. 
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Figure 2.4.2 Structures and Notch signaling activities of 14-17. 
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Figure 2.4.3 Structures and Notch signaling activities of 18. 
 
11????????????????????? 
 
	 11??????????????????????????????????????
????????????????????. ???NICD, Notch?E, Notch??????
???? HES1?? HES5??????????? (Figure 2.4.4)? 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4.4 Western blot of NICD, HES1 and HES5 in assay cells after treatment of 11. 
 
	 ???? 11 ? Notch ????????????? HES1 ??? HES5 ???????
?? 0.1-1 µM???? NICD????????????????10 µM????? 0 µM
???????????????????Notch?E? N??????? Flag tag?? Flag
????? Notch?E?????????? 11? Notch?E??????????? 
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 ?????? Cytoplasm?? Nucleus???????? NICD??????????11
? NICD ????????????????????????????????????
11 ? IC50?(0.4 µM)??????? 11 ? NICD ?????? Notch?????????
???????????? (Figure 2.4.5)? 
 
Figure 2.4.5 Western blot of NICD and HES5 in assay cells after treatment of 11. 
 
	 ?????????????????????????????????? 11 ? 1 µM
? RBP-Jκ?????????????????? RBP-Jκ??????? Proteasome?
? Lysosome?[61]??????????????? (Figure 2.4.6)? 
 
	 	 	   	 	  
 
 
Figure 2.2.6 Western blot of assay cells after co-treatment of 11 and MG132 or NH4Cl 
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 Proteasome??????MG132[62]??????????? 11 5 µM?MG132 5 µM?
????? RBP-Jκ??????????????????Lysosome??? NH4Cl[63]??
???? 11 10 µM? NH4Cl 20 µM????????????????????????
?????? 11? RBP-Jκ?????????? Notch???????????????
?? 
	 ???γ-secretase????????????????? 11? 1 µM???? Presenilin 1
??10 µM???? Nicastrin?Presenilin 2, PEN2?????? (Figure 2.2.7)?????
???? 11 ? RBP-Jκ?? γ-secretase????????? Notch??????????
?????? 
 
 
Figure 2.2.7 Western blot of assay cells after treatment of 11. 
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???	 MEB5 cells????????????????? 
 
	 ?????????????????????????????????? MEB5 cells
??????? (2x104 cells/well, 24 well plate) ???????????????????
????????????? Notch ????????????????????Notch ?
????????????????????????????????????????
?????? Notch ??????????????????? Notch ?????????
???????????????????????????????????????
MEB5 cells? Notch???????????????????????????????
??????????????????Notch????????????????? 
 
	 ??????????? MEB5 cells??????????????? GFP?????
????? pEGFP-N1? MEB5 cells????????MEB5 cells??????????
???Poly-L-lysin, Fibronectin/Laminin????????? 24 well plate? MEB5 cells?
2x104 cells/well????12 hr???????????????????????????
24 hr??????????????????????????????????????
? GFP?????/?????????????????????pEGFP-N1????? ?
????? ?? ?????????????ECOSTM Competent E. coli JM109????
???????????? 
 
	 ?????? well??????????????(n=2 well, 4 pictures/well) 
1. Lipofectamine 2000 1 µL, pEGFP 500ng 
2. Lipofectamine 2000 1.5 µL, pEGFP 500ng 
3. Lipofectamine 2000 2 µL, pEGFP 500ng 
4. Lipofectamine 2000 2.5 µL, pEGFP 500ng 
5. TransIT®-2020 Transfection Reagent  1.5 µL, pEGFP 500ng 
6. TransIT-X2® Dynamic Delivery System 1.5 µL, pEGFP 500ng 
 
	 ???? Lipofectamine 2000 2.5 
µL/well ??????????? 
(Figure 2.5.1)? 
 
Figure 2.5.1 Transfection of MEB5 cells with pEGFP-N1. Left: bright field, Right: fluorecence 
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Table 2.5.1 Transfection ratios of MEB5 cells. 
 
 
 
	 ????, Lipofectamine 2000 2.5 µL/well ???????????????? (Table 
2.5.1)??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????? Lipofectamin 2000, 2.5 µL/well????. 
 
	 ?????????????? TP-1-luc, ???? RBP-Jκ binding site - luciferase?? 
mNotch1-RAMIC???? pEF-BOSneo-mNotch1 RAMIC?? MEB5 cells???????
??Notch????????????????????????? pRL-CMV??????
????Dual-Glo® Luciferase assay system?????????????????????
????. 
 
	 Poly-L-lysin, Fibronectin/Laminin????????? 24 well plate?MEB5 cells? 2x104 
cells/well ????12 hr ??????????????????????????? 24hr
?? Firefly?? Renilla Luciferase?????????????????????????
??????? 
	  
①	   ??????? 
②	  pRL-CMV 25ng 
③	  TP-1-luc 400ng + pRL-CMV 25ng 
④	  TP-1-luc 400ng + RAMIC 20ng + pRL-CMV 25ng 
⑤	  TP-1-luc 400ng + RAMIC 100ng + pRL-CMV 25ng 
 
	 ??????????? Firefly?? Renilla????? Luciferase activity??????
??????????? (Figure 2.5.2)????? MEB5 cells? mNotch1-RAMIC???
???????? Luciferase activity???????? Notch?????????????
???????? 
 
 
 ? ? ? ? ? ? 
GFP+ cell/total cell (%) 17.2 12.5 22.0 36.6 16.1 18.1 
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    Figure 2.5.2 Relative luciferase activity of transfected MEB5 cells 
 
	 ?????????????????????????????[64]?????????
??????????????????? 
 
1. Notch??????????????western blot???? NICD????????? 
2. Notch??? DAPT? NICD???????????????? 
3. ????????????????????? 
 
	 ????????????????? 6 ????????? Poly-L-lysin, 
Fibronectin/Laminin????????? 24 well plate?????12 hr?????????
?????????? 4????????????????? 
? 2x104 cells/well (??????) 
? 1x105 cells/well (5x??????) 
? 2x105 cells/well (10x??????) 
? 4x105 cells/well (20x??????) 
? 2x106 cells/well (100x??????) 
? 2x104 cells/well (??????) ????????????????????????. 
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 ????????????? (Figure 2.5.3). 
     
  
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
    
    
 
 
 
 
 
 
 
 
 
 
1. 
2. 
3. 
4.  
Figure 2.5.3 Immunostaining of MEB5 cells. Cell numbers (magnifications of objective) 
1. Left: ① 2x104 cells/well (x10), Center: ① 2x104 cells/well, (x20), Right: ② 1x105 cells/well (x20) 2. 
Left: ③ 2x105 cells/well (x20), Right: ④ 4x105 cells/well (x10) 3. Left: ⑤ 2x106 cells/well (x20), Right: 
⑤ 2x106 cells/well (x10) 4. Left: ⑥ 2x104 cells/well (x20) Right: ⑥ 2x104 cells/well (x10)  
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 ???? [65]?????????????????  4x105 cells/well (20x) ???? 
2x106 cells/well (100x) ??????????????????????????????
????????????2x104 cells/well ?????????????????????
???????????? Tuj-1 (neuron marker), GFAP (astrocyte marker) ??????
???????????MEB5 cells????????????????? GFAP????
??????????????[66]???? Tuj-1????????????????????
Nestin ?????????????????????????????????????
????????????????????????????????????????
?????????????????? 
 
	 ????????? (2x105 cells/6 cm dish) ? MEB5 cells? Notch1?? NICD???
????????? 
            ?     	 ?       ?  
NICD 
Notch1                                   
β-actin                                    
 
	 ???? NICD ????????????Notch1 ???????????????? 
(Figure 2.5.4)????????Notch???????????????Notch1? γ-secretase
???????? NICD????????????????????? 
 
	 ???6 cm dish?? 4x106 cells/dish (20x) ??? 2x107 cells/dish (100x) ??????
????????????? NICD?????????????? 
4x106 cells/dish (20x) 
               ①	 	 	   ②	      ③	 	  	  ④       
NICD                                                 
β-actin 
2x107 cells/dish (100x) 
NICD   
β-actin 
 
 
 
① 0 hr ????? (???????) 
② 12 hr,??????? 
③ DMSO?? 24 hr? 
④ DAPT 10µM?? 24 hr?	  
Figure 2.5.4 Western blot of MEB5 cells (2x105 cells/6 cm dish).  
?: after 0 hr ?: after 12 hr, ?: 24 hr after addition of DMSO. 
Figure 2.5.5 Westrn blot of MEB5 cells (4x106 cells/dish and 2x107 /dish). ?: after 0 hr?: after 12 hr, 
?,?: 24 hr after addition of DMSO or 10 µM of DAPT. 
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 4x106 cells/dish ??????①???????? NICD ??????????????
????????????? (Figure 2.5.5)???????????????? Notch??
???????????Notch???????????????????????????
?????????????????????????????? 
 
1. Notch?????????????NICD???????. ?????????????
???????????????? 
2. NICD?????????????????????????????????????
????????????????????????????? RT-PCR ???????
?????????????. 
 
	 2x107 cells/dish???, ?????? 12 hr??? DMSO?? 12 hr?????? NICD
?????????? (Figure 2.5.5)????????????????????????
???? Notch???????????NICD????????????????, 10 µM 
DAPT?? 12 hr?????? DAPT??? NICD??????????????????
????????? Notch????????????????????????? 
 
	 2x107 cells/dish ???? NICD ??????????????????? NICD ???
????????????????????????????????????????
???????????????NICD ???????????????????1x107 
cells/dish (50x) ???????????????? 
                     ①         ②         
 
 
 
 
 
 
 
         
Figure 2.5.6 Western blot of MEB5 cell (1x107 cells/dish). ?: after 12 hr ?: 24 hr after of addition of 
DMSO. 
 
Notch1 
NICD 
 
HES5 
RBP-Jκ 
β-actin 
HES1 
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 ?????1x107 cells/dish (50x) ????? NICD?????????. 2x107 cells/dish 
(100x) ????????????????? NICD ?????????????????
????????????????????????????????? NICD?????
???????? NICD ?????????????????????????? Notch
?????????????? NICD????????????????? 
 
	 ??????? Notch ?????????????????????????????
????????????????? 100??1x107 cells/6 cm dish?2x106 cells/well (24 
well plate) ????????????????????????DAPT (γ-secretase???) 
??? NICD????????????????  
 
	 ?????????????????????????? NICD???????????
????????? TP-1-luc ??????????????????????2x106 
cells/well (24 well plate) ??????? Notch?????????????? 
         
Figure 2.5.7 Relative luciferase activity of transfected MEB5 cells (2x106 cells/well). 
	 ?????2x106 cells/well ???? MEB5 cells ? mNotch1-RAMIC ????????
Luciferase ???????  (Figure 2.5.7)????DAPT (10 µM) ????????
Luciferase??????????????????? MEB5 cell? 2x106 cells/well???
?? Notch ??????????????? Notch ?????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????	 ????????????? 2x107 cells/6 cm dish?2x106 
cells/well (24 well plate)???????????????????? 
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???	 ?????????????????????? 
 
	 C. gigantea?????? Notch?????????? 11 ?????????????
? MEB5 ????????????????????????????????????
?????Positive control??? 10 µM DAPT???????????????????
????? (Figure 2.6.1)? 
 
Figure 2.6.1 Immunostaining of MEB5 cells after treatment of DMSO, 10 µM of DAPT and 1 µM of 11. 
 
	 ????????DAPT??11??????Control?????neuron?????astrocyte
??????????????? neuron ??????????????????? 
(Figure 2.6.2)????? DAPT?? 11?????????? MEB5 cells? neuron???
?? 59%?70%?????????????? (Figure 2.6.2)????neuron ?????
???????? DAPT ?? 11 ?????????????? 6.3 nm (43%), 5.3 µm 
(26%) ??????????????? 
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Figure 2.6.2 %cells of neurons and neurite length of MEB5 cells after treatment of DMSO and 10 µM of 
DAPT and 1 µM of 11. 
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 Notch????????????? 
 
	 Notch ????????????????????????????????????
?? KKB1-343 ???????????????22 ??????19 ????? Notch ?
??????????????????? KKB69 Calotropis gigantea?????????
????C. gigantea???????8??????Notch???????????????
11 ????????????????????????????????? HES1 ??
HES5, RBP-Jκ?γ-secretase??????????????????????Notch???
????????????????????11? Notch???????????????
???? ???RBP-J????????proteasome?? lysosome???????????
???????????????????????????? 11?RBP-J???????
???????????????? 11 ? RBP-Jκ?? γ-secretase????? Notch??
???????????????????????????? MEB5 cells ????Notch
????????????????????????????????????????
???11?????????? neuron????? 70 %, ???????? 5.3 µm???
????????11?????????????????? DAPT (10 µM) ??????
?????????????????????????? 
 
?
?
?
?
?
?
?
?
?
?
?
?
?
?
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?? 
 
	 ?????????????????????????????????? Hedgehog
????????????????????????? Notch ????????????
????????????????????????????????????????
????????????????????????????Hedgehog????????
???? SMO ???????Notch???????? γ-secretase??????????
?????????????????????????????????????? 
 
	 ????? GLI1???????????????????? Themeda arguens???
MeOH ? ? ? ? ? ? ? ? ? ? ?  GLI1 ? ? ? ? ? ? ? ? aciculatin (1), 
8-C-β-D-digitoxopyranosylapigenin (2), 8-C-β-D-boivinopyranosylapigenin (3) ? ? ?
aciculatinone (4)??????1-4????????? GLI1???????? 7?????
????? 3’’?????????????????????1 ?? 3 ? Hedgehog???
?????????????????? DU-145 cells?????? MCF-7 cells????
???????. ??????? C3H10T1/2 ???????????????????
GLI1??????????????????????????????1 ? DU-145 cells
???? hedgehog????????????? Hedgehog??????? PTCH???
??????????? BCL2??????? 
	 ?????????????????Withania somnifera??? MeOH???????
? ? ? ? ? withaferin A (5), 27-deoxywithaferin A (6), 5,6-deoywithaferin A (7), 
2,3-dihydroxywithaferin A (8), 2,3-dihydri-3β-methoxywithaferin A (9), 
2,3-dihydro-3β-O-sulfate withaferin A (10) ??????5-10??????????GLI1?
???????2-3????????????????5-6??????????????
?????? 5, 6, 7?? 10? Hedgehog?????????????????????
?????????????????????????8 ?? 9 ? 25 µM???????
????????????5, 6?? 7?????????????? PANC-1 cells???
? PTCH?? BCL2??????? 
	 GLI1??????DNA????????????????EMSA?????GST-GLI1
??????????????????????? UV ????????? A260/A280??
?????????? DNA??????????????????????? GST-GLI1
????????? EMSA????1 ?? 5 ? DNA-GLI1??????????????
???1?? 5? DNA? GLI1????????????????????????? 
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 Notch ????????????????????????????????????
?????? 22?????????????????KKB69 Calotropis gigantea????
???????8 ???????, Uscharin (11), asclepin (12), 2’’-oxovoruscharin (13), 
calotropin (14), Voruscharin (15), Uscharidin (16), calactinic acid methyl ester (17), 
16-β-hydroxyuscharin (18) ? Notch???????????????11????????
?????????????????????????? Notch ??????????
HES1 ?? HES5?RBP-J????-secretase ???????RBP-J????????
proteasome ?? lysosome ????????????????????????????
???????????? 11? RBP-J???????????????????????
11 ? RBP-Jκ ?????? γ-secretase ???????? Notch ???????????
?????? 
	 ????????????? MEB5 cells????Notch??????????????
????????????????????????????????????????
100? (2x106 cells/well, 24 well plate???? 2x107 cells/6 cm dish) ????? Notch?
????????????????????????????????????????
??????????11?????????? neuron????? 70 %, ???????
? 5.3 µm ???????????11 ?????????????????? DAPT (10 
µM) ??????????????????????????????????????
??????????????????????????? 
	 ??????????? GLI1??????? Notch????????????????
??????????? 
?
?
?
?
?
?
?
?
?
?
?
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???? 
 
??????? 
 
	 ?????????????????????????????????????? 
 
????????????:  PSQ 100B, ???????? 
                          Silica Gel N60 (sphereical, neutral), ???? 
                          Chromatorex ODS; ???????? 
                          Diaion HP-20, ???? 
                          Sephadex LH-20, GE Healthcare 
TLC plate:                 Kieselgel 60 F254, Merck 
                          RP-18 F254s, Merck 
????:                 :????? ???? (????), ???? 
  ????? ???? 
                          ???? ???? (????)????? 
  ??????? (????), ???? 
 ?????? (????), ???? 
 ???? (????), ???? 
  ????? (????), ????, ???? 
 
	 ????????????? (High Performance Liquid Chromatography: HPLC) ??
????????????????????????? (SCL-10AVP), ????????
??? (SPD-M20A), ?????????? (DGU-12A), ???????? (SIL-20A), 
??????? (CTO-10ASVP) ???????? (LC-20AD) ???? 
Waters ?? , ???????  (600 controller), ???????????  (2996, 
Photodiode Array Detector), ??????  (600 Pump) ???????  (In-Line 
Dwgasser AF) ????????????????????????? (PU-2080Plus??
PU-980), RI ???  (RI-2031Plus ?? RI-1530), UV/VIS ???  (UV-2075Plus ??
UV-1575) ????? 
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 ????? Develosil ODS-MG-5 (ø10×250 mm, ???? ), YMC-Pack Pro C18 
(ø10×250 mm, YMC), YMC-Pack ODS-AM (ø10×250 mm, YMC), COSMOSIL 5C18-AR-II 
(ø10×250 mm, Nacalai tesque), COSMOSIL Cholester (ø10×250 mm, Nacalai tesque), 
COSMOSIL Cholester (ø20×250 mm, Nacalai tesque), COSMOSIL 5CN-MS (ø10×250 mm, 
Nacalai tesque), COSMOSIL πNAP (ø10×250 mm, Nacalai tesque) ????? 
 
????:   
10 % ??    
H2O               	 	 	    476 mL 
?? (Wako)	 	 	 	          17 mL 
 
??????????  
EtOH (Kanto Chemical)       478 mL 
??? (Wako)	 	            18 mL 
?? (Wako)	 	 	 	           5 mL 
p-???????? (Kanto Chemical) 13 mL 
 
????????????? 
????????              25 g 
EtOH      	 	 	             500 mL 
 
	 ????? (NMR: nuclear magnetic resonace) ? ECZ600 spectrometer (JEOL, 1H: 600 
MHz, 13C: 150 MHz), ECP600 spectrometer (JEOL, 1H: 600 MHz, 13C: 150 MHz), ECA600 
spectrometer (JEOL, 1H: 600 MHz, 13C: 150 MHz) ?? ECP400 spectrometer (JEOL, 1H: 
400 MHz, 13C: 100 MHz) ?????????NMR?????? (chemical shift) δ? ppm
???????? (coupling constant) J? Hz????? 
????:  
Chloroform-d1 (????): 1H: 7.26 ppm, 13C: 77.0 ppm 
MeOH-d4 (????):1H: 4.78, 3.30 ppm, 13C: 49.0 ppm 
acetone-d6 (????):1H: 2.04 ppm, 13C: 206.5, 29.8 ppm 
DMSO-d6 (????):1H: 2.49 ppm, 13C: 39.7 ppm 
pyridine-d5 (Acros Organic):1H: 8.71, 7.55, 7.19 ppm, 13C: 149.2, 135.5, 123.5 ppm 
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 ?????  P-1020 digital polarimeter (JASCO) ????? 
	   ESIMS?? HRESIMS? AccuTOF LC-plus mass spectrometer (JEOL) ??????
??LC−MS??????????????????? (LC-20AT), ?????????? 
(DGU-20A3), ???????? (SIL-20A), PDA ??? (SPD-M20A), ??????? 
(FCV-20AH2), ?????? (LCMS-2020), N2 ??????? (N2 Supplier Model 24F), 
LC????????? (Labsolution LCMS) ????? 
 
???? 
 
	 ??????????????? 
 
	 Fetal Bobine Serum (FBS?Biowest, Sigma) ?????????????56 °C?30?
?????????, ??????????????? 
 
Assay cells (HaCaT-GLI1-luc cell)  
DMEM (high glucose, Wako)  
5 % FBS  
Penicillin (200 unit/mL) / Streptomycin (200 mg/mL) (Gibco) 
	 ?????? GLI1??????? tetracycline (Invitrogen) ????? 
 
PANC-1 cells (RIKEN BRC) 
DU-145 cells (Cell Resource Center for Biomedical Research Institute of Development, 
Aging and Cancer, Tohoku University) 
RPMI-1640 (Wako) 
10% FBS 
 
C3H10T1/2 cells (RIKEN BRC) 
MCF-7 cells (RIKEN BRC) 
DMEM (high glucose? 
10% FBS 
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Assay cells (LS174T cells/Tet-on-NICD, pGL4.20-TP-1) 
DMEM (high glucose? 
10% FBS 
Penicillin (200 unit/mL) / Streptomycin (200 mg/mL) (Gibco) 
 
	 ???????Trypsin EDTA (0.25 % Trypsin-EDTA?Gibco) ???????????
Trypan blue?? (0.4 % (w/v) trypan blue?Nacalai tesque) ????????????? 
 
	 PBS (-) ??????????? 
KCl (Wako)               0.2 g 
KH2PO4 (Wako)           0.2 g 
NaCl (Wako)              8.0 g 
Na2HPO4 (Nacalai tesque) 1.11 g 
dH2O                 up to 1 L  
 
????????????????????? 
	 ?????, CO2???????? (MCO-17A1C?SANYO) ?? 37 °C?5 % CO2??
??????????????????????? (Bio Clean Bench MCV-B131S?SANYO) 
???????????????? plate????? Microplate mixer MPX-96 (Iwaki), ?
?????????????????? Fluoroskan AscentTM (Thermo) ?, ??????
???? Luminoskan AscentTM (Thermo) ????.  
?
?
?
?
?
?
?
?
?
?
?
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Themeda arguens? GLI1?????????????? 
 
	 ?????Themeda arguens ?, 2008? Thailand ????????????????
?????? 
 
	 Themeda arguens??? (183.9 g) ? MeOH (1L x 2?) ??????? MeOH??? 
(15.4 g) ? Diaion HP-20 ???  (ø10x230 mm) ????H2O:MeOH:acetone 1:1:0, 
0:1:0,0:1:1, 0:0:1??????Fr.1A-1F????GLI1??????? 1D, 1E?????. 
Fr.1D (2.2 g) ? CHCl3:MeOH ?????????????????????????? 
(ø60x240 mm) ???????Fr.2A-2N??????? 2D, 2E???????Fr.2D (34.2 
mg) ? H2O:MeOH (4:6-0:1) ??????????? ODS ???????????? 
(ø12x210 mm) ?????Fr.3A-3H??????? Fr.3C-3H??????. Fr.3E (11.2 mg) 
? ODS HPLC (Develosil ODS-MG-5, ø10x250 mm,; eluent MeOH:H2O (6:4), wavelength 
254 nm, flow late 3.0 mL/min) ??????1 (Fr.4C, 4.8 mg, tR 45 min) ??? 2 (Fr.4D, 2.3 
mg, tR 49 min) ????Fr.2E (44.0 mg) ? H2O:MeOH (9:1-0:1) ???????????
?? ODS ???????????? (ø12x220 mm) ??? Fr.5A-5I ??????? 5F
?? 5G???????Fr.5G (8.7 mg) ? ODS HPLC (Develosil ODS-MG-5, ø10x250 mm,; 
eluent MeOH:H2O (53:47), wavelength 254 nm, flow late 3.0 mL/min) ??????2 (6B, 
2.4 mg, tR 64 min) ??? 3 (6C, 1.3 mg, tR 69 min) ????Fr.1E (2.5 g) ? CHCl3:MeOH
??????????????????????? (PSQ 100B, ø25x240 mm) ???
Fr.7A-7M??????? 7C-7G???????Fr.7C (159.9 mg) ? H2O:MeOH (1:1-0:1, 
0:1+0.1% TFA) ????????????? ODS ???????????? (18x300 
mm) ???????Fr.8A-8M ??????? 8D-8H ???????Fr.8E (10.6 mg) ?
ODS HPLC (YMC-Pack ODS-AM, ø10x250 mm,; eluent MeOH:H2O (6:4), wavelength 254 
nm, flow late 3.0 mL/min), ??????Fr.9A-9D????Fr.9D? NMR????????
???? 4 ??????????????????????????? MeOH ????
Sephadex LH-20???????????? (ø12x340 mm, eluent MeOH) ??????4 
(Fr.10 C, 1.1 mg) ????Fr.7E (266.0 mg) ? H2O:MeOH (7:3-0:1)??????????
???ODS???????????? (ø24x230 mm) ???????Fr.11A-11I????
??? 11E-11H???????Fr.11F (45.3 mg) ? CHCl3:MeOH (1:1) ???? Sephadex 
LH-20 ???????????? (ø15x430 mm) ???????Fr.12A-12D ????
Fr.12B (23.7 mg) ? ODS HPLC (YMC-Pack ODS-AM, ø10x250 mm,; eluent MeOH:H2O 
(54:46), wavelength 254 nm, flow late 3.0 mL/min) ??????Fr.13A-13F???? 
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Fr.13D (18.8 mg, tR 32 min) ? ODS HPLC (Cosmosil 5CN-MS, ø10x250 mm,; eluent 
MeOH:H2O (45:55), wavelength 254 nm, flow late 3.0 mL/min) ??????1 (16.3 mg, tR 
12 min) ????Fr.12C (20.2 mg) ? ODS HPLC (YMC-Pack ODS-AM, ø10x250 mm,; 
eluent MeOH:H2O (6:4), wavelength 254 nm, flow late 3.0 mL/min) ?????? 2 (12.7 mg, 
tR 66 min) ???. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure ?. Separation of MeOH extract of T. argens. Red: active fractions 
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aciculatin (1) yellow amorphous solid; [α]25D  +13 (c 0.5, MeOH), 1H and 13C NMR data, Table, 
ESIMS m/z 415 [M+H]+, 437 [M+Na]+ 
 
8-C-β-D-digitoxopyranosylapigenin (2) yellow amorphous solid; [α]24D  +101 (c 1.0, MeOH), 
1H and 13C NMR data, Table,ESIMS m/z 415 [M+H]+ 
 
8-C-β-D-boivinopyranosylapigenin (3) yellow amorphous solid; [α]24D  +70 (c 0.2, MeOH), 1H 
and 13C NMR data, Table, ESIMS m/z 401 [M+H]+ 
 
aciculatinone (4) yellow amorphous solid; [α]24D  +79 (c 0.27, MeOH), 1H data, Table, ESIMS 
m/z 413 [M+H]+ 
 
Table ?. 13C and 1H NMR chemical shifts of 1 and 2. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
 
 
 
!C !H (J, Hz) !C !H (J, Hz)
2 164.9 164.7
3 102.1 6.59 (s,1H) 103.6 6.67 (s, 1H)
4 183.2
5 160.9 162.1
6 93.6 6.44 (s,1H) 100.3 6.17 (s, 1H)
7 162.5 163.2
8 106.9 105.4
9 102.2 154.3
10 155.3 105.2
1' 121.8 123.0
2' ,6' 128.4 7.97 (d, 2H, 8.8) 129.5 8.07 (d, 2H 8.8)
3' ,5' 115.4 6.96 (d, 2H, 8.8) 116.9 7.01 (d, 2H,  8.8)
4' 128.3 162.1
-OMe 65.3 3.93 (s, 3H)
1" 35.8 5.64 (d, 1H, 11.5) 70.3 5.76 (dd, 1H 11.4, 1.8)
2"ax" 35.8 2.60 (dd, 1H, 14,11.5) 38.9 2.14 (d, 1H, 14, 11.4)
2"eq" 67.3 1.86 (d, 1H, 14) 2.20 (dd, 1H, J 14, 1.8)
3" 73.1 4.16 (d, 1H, 2.2) 68.0 4.17 (d, 1H, 2.0)
4" 72.4 3.49 (dd, 1H, 9.2,2.2) 73.6 3.48 (dd, 1H, 9.2, 2.0)
5" 17.7 3.96 (dd, 1H, 9.2,6.2) 74.7 4.00 (dq, 1H, 6.4, 9.2)
6" 55.5 1.39 (d, 3H,  6.2) 18.7 1.38 (d, 3H, 6.4)
5-OH 12.95 (s, 1H)
1 in CDCl3 : CD3OD = 1:1 2 in acetone-d6
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Table ?. 13C and 1H NMR chemical shifts of 3 and 4. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
 
?
?
?
?
?
?
?
?
?
?
?
?
?
4 in acetone-d6
!C !H (J, Hz) !H (J, Hz)
2 164.7
3 103.8 6.65 (s, 1H) 6.70 (s, 1H)
4 183.2
5 162
6 100.5 6.17 (s, 1H) 6.49 (s, 1H)
7 163.7
8 106.4
9 153.8
10 105
1' 123.2
2' ,6' 129.4 8.01 (d, 2H, 8.8) 8.08 (d, 2H,  8.8)
3' ,5' 116.9 6.99 (d, 2H, 8.8) 7.06 (d, 2H,  8.8)
4' 162.1
-OMe 3.97 (s, 3H)
1" 70.3 5.76 (dd,  12, 2.4) 5.40 (dd, 1H, 12.0, 2.8)
2"ax" 33.9 1.85 (d,1H, 13.2) 2.51 (dd, 1H, 13.6, 2.8)
2"eq" 2.34 (dd,1H, 13.2, 12) 3.55 (dd, 1H, 12.0, 1.6)
3" 68.2 4.11 (d, 1H, 2.4)
4" 70.4 3.52 (d, 1H, 2.4) 4.09 (d, 1H,  10.0?
5" 72.9 4.28 (q, 1H, 6.4) 3.60 (m, 1H)
6" 17.3 1.30 (d, 3H,  6.4) 1.48 (d, 1H,  6.4)
5-OH 12.95 (s, 1H) 13.44 (s, 1H)
3 in acetone-d6
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Withania somnifera? GLI1?????????????? 
 
	 ?????W. somnifera?, 2010? Bangladesh ?????????????? 
 
	 Withania somnifera??? (101.5 g) ? MeOH (1L x3?) ??????? MeOH??? 
(22.8 g) ? H2O:MeOH:acetone (1:1:0, 0:1:0, 0:1:1, 0:0:1) ???? Diaion HP-20????
???????? (ø50x200 mm) ??????Fr.1A-1E????GLI1??????? 1C, 
1D?????. Fr.2I (1252.0 mg) ?? 6.25 mg???, EtOAc:CHCl3?????????
??????? 5 (5.8 mg) ????Fr.2F (201.0 mg) ? H2O:MeOH (6:4-0:1) ?????
????????ODS???????????? (ø12x192 mm) ??? Fr.3A-3K???
?????? 3F ?? 3I ???????Fr.3F (48.4 mg) ? hexane:EtOAc:CHCl3:MeOH 
(6:4:0:0-0:0:0:1) ???????????????? (ø12x360 mm) ???????6 
(Fr.6D, 25.3 mg) ????Fr.2H (66.2 mg) ? H2O:MeOH (7:3-0:1) ??????????
???ODS???????????? (ø15x276 mm) ???????8 (Fr.7H, 7.8 mg) ?
???Fr.2J (573.4 mg) ? H2O:MeOH (7:3-0:1) ????????????? ODS???
????????? (ø29x285 mm) ???????Fr.5A-5J??????? 5E????
??. Fr.5E (64.5 mg) ? CHCl3:MeOH (1:0-0:1) ??????????????????
???????????? (ø17x370 mm) ???????8 (Fr.8E, 2.0 mg) ????Fr.8F 
(27.8 mg) ? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O (6:4), 
wavelength 254 nm, flow late 3.0 mL/min) ??????5 (Fr.11B, 20.89 mg, tR 19 min) ?
? 9 (Fr.11C, 2.4 mg, tR 22 min) ????Fr.1C (0.9 g) ? CHCl3:MeOH (9:1-0:1) ????
?????????????????????????? (silica N60, ø17x370 mm) ??
?????Fr.9A-9H ??????? 9E ?? 9F ???????Fr.9F (21.66 mg) ?
H2O:MeOH (7:3-0:1) ????????????? ODS ???????????? 
(ø17x270 mm) ?????? Fr.10A-10D ??????? 10A ?? 10C ???????
Fr.10A (16.87 mg) ? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O 
(35:65), wavelength 254 nm, flow late 3.0 mL/min)??????10 (Fr.13A, 4.4 mg, tR 14 
min) ???? 
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Figure ?. Separation of MeOH extract of W. somnifera. Red: active fractions. 
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50.3
6G
44.0
6H
18.6
6I
59.3
6J
104.2
ODS C.C. ø2.9 x 28.5 cmMeOH:H2O
3:7 9:18:27:36:44:6
(mg)
55:45
Silica gel C.C. ø1.2 x 36 cm
4A
3.4
4B
1.7
4C 4E
0.3
4D
25.3
4F
1.1
4G
1.0
4H
13.6 (mg)
5A
4.1
5B
12.3
5C
3.1
5D
7.4
5E
17.4
5F
4.2
5G
12.1
5H
7.8
5I
9.3
5J
9.7
ODS C.C. ø2.9 x 28.5 cmMeOH:H2O
3:7 MeOH8:27:35:5
(mg)
Hexane:EtOAc
6:4 5:5 4:6 3:7 1:9 MeOH 7A
2.5
7B
0.6
7C
0.3
7D
1.7
7E
2.0
7F
27.8
7G
3.0
7H
11.0
7I
7.4
7J
8.4 (mg)
7K
3.0
Silica gel C.C. ø1.2 x 36 cmCHCl3:MeOH
99:1 6:48:29:197:398:2
9A
5.6
9B
2.3
9C
1.3
9D
6.3
9E
19.5
9F
21.7
9H
74.5
9G
15.3
Silica gel C.C. ø1.7 x 37 cm
CHCl3:MeOH
9:1 85:15 8:2 7:3
(90.1 mg)
(mg)
MeOH+0.1%TFA
1C
0.9 (g)
8A
0.1
8B
20.9
8C
2.4
8D
1.5
Cosmosil Cholester
ø10 x 250 mm
MeOH : H20 = 6 : 4
10A
16.9
10B
6.3
10C
0.4
10D
4.5
3:7
5:5
5:5
6:4
7:3 MeOH+0.1%TFA
ODS C.C. ø17 x 280 cmMeOH:H2O
(mg)
11A
4.4
11B
10.9
Cosmosil Cholester
ø10 x 250 mm
MeOH : H20 = 35 : 65
(mg)
5
6
7
8
95
10
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withaferin A (5) white crystal; [α]21D  +114 (c 0.56, CHCl3), 1H and 13C NMR data, Table; 
ESIMS m/z 469 [M-H]- 
 
27-deoxywithaferin A (6) white crystal; [α]16D  +268 (c 0.5, CHCl3), 1H data, Table; ESIMS 453 
[M-H]-, m/z 455 [M+H]+ and 477 [M+Na]+ 
 
5,6-deoywithaferin A (7) white crystal; [α]25D  +68 (c 0.17, CHCl3), 1H and 13C NMR data, 
Table; ESIMS m/z 477 [M+Na]+ 
 
2,3-dihydroxywithaferin A (8) white crystal; [α]24D  +12 (c 0.91, CHCl3), 1H data, Table; [α]25D  
+68 (c 0.17, CHCl3), ESIMS m/z 471 [M-H]- and 473 [M+H]+ 
 
2,3-dihydri-3β-methoxywithaferin A (9) white crystal; [α]25D  +0.8 (c 1.0, dioxane), 1H and 13C 
NMR data, Table; ESIMS m/z 504 [M+H]+ and 526 [M+Na]+, 
 
2,3-dihydro-3β-O-sulfate withaferin A (10) white crystal; [α]26D  +22 (c 0.21, MeOH), 1H and 
13C NMR data, Table; ESIMS m/z 567 [M-H]- 
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Table ?. 13C and 1H NMR chemical shifts of 5 and 6. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
 
 
 
 
 
 
 
 
 
6 in CDCl3
!C !H (J, Hz) !H (J, Hz)
1 202.3
2 132.3 6.18 (d, 1H, 10) 6.19 (d, 1H, 9.6)
3 142.0 6.91 (dd, 1H, 10, 6) 6.91 (dd, 1H, 9.6, 6)
4 69.9 3.73 (d, 1H, 5.6) 3.75 (d, 1H, 6)
5 63.8
6 62.5 3.21 (s, 1H) 3.21 (s, 1H)
7 29.8 2.12 (dd, 1H, 16, 3.2)
1.30 (m)
8 31.1 1.39 (m)
9 44.1 1.14 (m)
10 47.7
11 22.1 1.27 (m)
1.18 (m)
12 27.3 1.88 (m)
1.08 (m)
13 42.6
14 56.1 0.95 (m)
15 24.3 1.64 (m)
1.13 (m)
16 39.3 1.66 (m)
1.35 (m)
17 51.9 1.07 (m)
18 11.6 0.68 (s, 3H) 0.68 (s, 3H)
19 17.4 1.39 (s, 3H) 1.39 (s, 3H)
20 38.8 1.97 (m)
21 13.3 0.97 (d, 3H, 6.8) 0.97 (d,3H, 6.6)
22 78.7 4.39 (dt, 1H, 17.2, 3.5) 4.33 (dt, 1H, 12.6, 1.8)
23 29.8 2.47 (dd, 1H, 17.2,13.6)
1.94 (m)
24 152.8
25 125.7
26 167.0
27 57.4 4.36 (m) 1.85 (s, 3H)
4.31 (d, 1H, 12.8)
28 20.0 2.01 (s, 3H) 1.91 (s, 3H)
5 in CDCl3
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Table ?. 13C and 1H NMR chemical shifts of 7 and 8. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 in CDCl3
!C !H (J, Hz) !H (J, Hz)
1 203.5
2 131.0 5.95 (d, 1H, 9.9)
3 142.7 6.77 (dd, 1H, 9.9, 4.2)
4 69.4 4.63 (d, 1H, 4.2) 3.50 (m)
5 129.1
6 125.7 5.93 (d, 1H, 5.4) 3.27 (s, 1H)
18 11.8 0.74 (s, 3H) 0.69 (s, 3H)
19 22.9 1.45 (s, 3H) 1.17 (s, 3H)
20
21 13.3 1.03 (d, 3H, 6) 0.99 (d, 3H, 6.9)
22 78.8
24 153.1
25 125.5
26 167.2
27 57.5 4.44 (dt, 1H, 13.2, 3.6) 4.33 (d, 1H, 12)
4.38 (d, 1H, 12)
28 20.0 2.05 (s, 3H) 2.03 (s, 3H)
7 in CDCl3
 86 
Table ?. 13C and 1H NMR chemical shifts of 9 and 10. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
 
 
 
 
 
 
 
 
 
 
!C !H (J, Hz) !C !H (J, Hz)
1 210.0 209.3
2 39.4 3.00 (dd, 1H, 15.1, 6.2) 41.6 3.60 (1H, dd, 17.8, 10.0)
2.59 (dd, 1H, 15.1, 4.1) 3.28 (1H, dd, 17.8, 6.4)
3 77.4 3.69 (ddd, 1H, 6.2, 4.1, 2.1) 72.5 5.59 (1H, ddd, 10.0, 6.4, 2.0)
4 75.2 3.46 (d, 1H, 2.8 ) 76.4 4.51 (1H, d, 2.0)
5 64.9 64.7
6 60.6 3.19 (s, 1H) 56.8 3.59 (1H, s)
7 31.1 2.14 (ddd, 1H, 14.8, 3.4, 2.1) 31.4
8 29.3 30.0
9 42.7 42.7
10 50.4 49.4
11 21.7 21.2
12 39.1 41.1
13 42.7 42.7
14 56.0 56.0
15 24.2 24.4
16 27.3 27.3
17 51.9 52.0
18 11.6 11.5 0.49 (3H, s)
19 15.9 15.4 1.67 (3H, s)
20 38.8 39.1
21 13.3 0.96 (d, 3H, 6.2) 13.5 0.95 (3H, d, 7.0)
22 78.7 4.39 (dt, 1H, 13.8, 3.4) 78.4 4.37 (1H, dt, 13.4, 3.1)
23 29.8 2.48 (s, 1H, 16.8, 13.8) 29.9 2.33 (1H, dd, 17.6, 13.4)
1.89 (dd, 1H, 16.8, 3.4)
24 152.7 154.1
25 125.7 127.9
26 167.0 166.4
27 57.5 4.36 (d, 1H, 12.4) 56.2 4.84 (1H, d, 11.8)
4.31 (d, 1H, 12.4) 4.73 (1H, d, 11.8)
28 20.0 2.01 (s, 3H) 20.1 2.06 (3H, s)
3-OMe 57.5 3.32 (s, 3H)
9 in CDCl3 10 in CDCl3
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6?X??????? 
 
	 All measurements were made on a Rigaku R-AXIS RAPID diffractometer using filtered 
Cu-Ka radiation. 
 
Figure ? ORTEP view of 7. Single crystals of C28H38O6 2 were recrystallized from MeOH and H2O (1:1). 
 
	 Crystal structure determination of complex 7 
Crystal data. C28H38O6, M = 470.60, orthorhombic, a = 7.6555(4), b = 10.0365(6), c = 
33.828(2) Å, V = 2599.2(3) Å3, T = 95.15 K, space group P212121 (no.19), Z = 4, 27884 
reflections measured, 4685 unique (Rint = 0.2157) which were used in all calculations. The 
final R1 was 0.2004. 
 
?
?
?
?
?
?
?
?
?
?
O4
O5
O3
O2
O1 C11C6
C7
C8
C12C14
C9
C10
C13C21
C15
C22
C19
C31
C30
C23
C16
C18
C20
C32
C28
C17
C24
C29
C25
C27C33
C26
H11B
H11C
H12CH14A
H12B
H9A
H14B
H21A
H14C
H21B H12A
H15 H10
H9BH22B H13
H23
H18
H22A
H16A
H20B
H16B
H29C
H32
H20A
H20C
H25B H17A
H24
H29B
H17B
H29A
H25A
H26H33
H2
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C. gigantea? Notch???????????????? 
 
	 C. gigantea??????????????Wnt??????????????????
??????????????????????? 
 
	 Fr.1D (5 g) ?MeOH:H2O?????ODS???????????? (ø32x260 mm) ?
??????Fr.14A-14G??????? 14A, 14C-E???????Fr.14C (395 mg) ?
CHCl3:MeOH??????????????????? (PSQ 100B, ø29 x 230 mm) ??
????, 11 (85 mg) ????Fr.4B (84 mg) ? CHCl3:MeOH????????????
??????? (PSQ 100B, ø27 x 205 mm) ???????Fr.16A-16I??, 14 (Fr. 16D, 
36 mg) ??????? 16C ?? 16F ??????. Fr.3E (11.2 mg) ? ODS HPLC 
(Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O (48:52), wavelength 220 nm, flow 
late 3.0 mL/min) ??????12 (Fr.18A, 9.7 mg, tR 12 min) ??? 17 (Fr.16B, 6.5 mg, tR 
16 min) ????Fr.17F (10 mg) ? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent 
MeOH:H2O (45:55), wavelength 220 nm, flow late 3.0 mL/min) ??????18 (Fr.19E, 0.4 
mg, tR 72 min) ????Fr.2D (180 mg) ? H2O:MeOH (3:7-0:1) ???????????
ODS ???????????? (ø27x245 mm) ?????Fr.20A-20I ???????
Fr.20D-20F??????. Fr.20D (112.1 mg) ? H2O:MeOH (4:6-3:7) ?????????
?? ODS???????????? (ø23x245 mm) ?????Fr.21A-21F??????
? Fr.21B-21E??????. Fr.21B (49.2 mg) ?ODS HPLC (Cosmosil 5CN-MS, ø10x250 
mm,; eluent MeOH:H2O (4:6), wavelength 210 nm, flow late 3.0 mL/min) ??????16 
(Fr.22B, 17.5 mg, tR 12 min) ?? 17 (Fr.22E, 3.5 mg, tR 19 min)????Fr.20E (21.1 mg) 
? ODS HPLC (Cosmosil Cholester, ø10x250 mm,; eluent MeOH:H2O (65:35), wavelength 
210 nm, flow late 3.0 mL/min) ??????16 (Fr.23F, 1.6 mg, tR 19 min) ????Fr.20F 
(10.3 mg) ? CHCl3:MeOH ????????????????????????? 
(ø12x180 mm) ???????15 (Fr.24D; 2.6 mg, Fr24E; 1.9 mg) ?? 17 (Fr.24F, 1.1 mg)
???? 
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Figure ?. Previous separation of MeOH extract of C. gigantea. 
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Figure ? Separation of MeOH extract of C. gigantea. Red: active fractions 
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uscharin (11) white amorphous solid; [α]24D  +10 (c 1.0, CHCl3, 1H and 13C NMR data, Table, 
ESIMS m/z 610 [M+Na]+ 
 
asclepin (12) white amorphous solid; [α]27D  +12 (c 1.0, CHCl3), 1H and 13C NMR data, Table, 
ESIMS m/z 573 [M-H]- 
 
 
calotropin (14) white amorphous solid; [α]24D  +61 (c 1.0, MeOH), 1H and 13C NMR data, Table, 
ESIMS m/z 531 [M-H]- 
 
Voruscharin (15) white amorphous solid; [α]27D  +71 (c 0.3, EtOH), 1H and 13C NMR data, 
Table, ESIMS m/z 610 [M+Na]+ 
 
Uscharidin (16) white amorphous solid; [α]26D  +20 (c 0.6, EtOH), 1H and 13C NMR data, Table, 
ESIMS m/z m/z 553 [M+Na]+ 
 
calactinic acid methyl ester (17) white amorphous solid; [α]27D  -3 (c 1.0, CH2Cl2), 1H and 13C 
NMR data, Table, ESIMS m/z m/z 585 [M+Na]+ 
 
16-β-hydroxyuscharin (18) white amorphous solid; [α]27D  -16 (c 0.4, MeOH), 1H and 13C NMR 
data, Table, ESIMS m/z m/z 604 [M+H]+ 
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Table ?. 13C and 1H NMR chemical shifts of 11 and 12. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
 
 
 
 
 
 
12 in CDCl3:CD3OD = 5:1
!C !H (J, Hz) !H (J, Hz)
1 36.2 2.46 (dd, 12.5, 4.1) 2.46 (dd,12.5,3.7)
1.1 (t, 11.7)
2 68.3 4.05 (dt,1H, 10.7, 4.1) 3.9 4(dt, 11, 4.4)
3 71.5 4.24 (dq, 1H, 4.8, 1.4)
4 32.4
5 43.5
6 27.6 1.84 (m)
1.22 (m)
7 27.4 2.45 (dd, 12.4, 4.1)
8 42.5
9 48.7 1.37 (m, 11.7)
10 52.6
11 21   
12 39.4
13 49.4
14 85
15 33.2
16 26.8
17 50.6 2.73 (dd, 1H, 9.6, 5.4) 2.6 3(brd)
18 15.7 0.79 (s) 0.83 (3H, s)
19 207.2 9.97 (s) 10.0 (s)
20 174.5
21 73.5 4.92 (d,1H, 18) 5.0 (d, 18.3)
4.77 (dd, 1H, 18, 1.4) 4.78 (d, 19.8)
22 118 5.84 (s, 1H) 5.84 (s)
23 174.3
1' 95 4.55 (s)
2' 99.6 5.03(s, 1H)
3' 91.6 4.73 (dd, 12.5, 5.1)
4' 47.4 2.20 (dd, 1H, 11)
1.98 (dd, 1H, 12, 3.4)
5' 69.8 3.89 (dt, 11, 4.4)
6' 21.9 1.20 (d, 3H, 6.2) 1.28 (d, 6.6)
CH=N 160.2 7.49 (s)
CH2S 42.8 3.85 (d, 1H, 8.9)
3'-COCH3 2.14(3H,s)
11 in CDCl3
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Table ?. 13C and 1H NMR chemical shifts of 14 , 15 and 16. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
 
 
 
 
 
 
 
 
 
15 in CDCl3 16 in CDCl3
!C !H (J, Hz) !H (J, Hz) !H (J, Hz)
1 36 2.41 (dd, 12.5, 4.3) ??????????????????? 2.43 (1H, dd, 12.4, 4.4)
1.06 (t, 12.2) 1.09 (t, 1H, 12.4)
2 68.1 ??????? 3.94 (ddd, 1H, 12.4, 10.7, 4.4)
3 71.9 3.95 (dd, 10.5, 4.3) ??????????????????????? 4.09 (dt, 1H, 10.7, 4.4)
4 32.2 1.98 (m), 1.68 (m)
5 43.4 1.56 (m)
6 27.6 1.98 (m)
1.68 (m)
7 27.4 1.86 (m), 1.25 (m)
8 42.4
9 48.6 1.32 (m)
10 52.8
11 21.1 1.68 (m), 1.25 (m)
12 39.3 1.52 (m), 1.32 (m)
13 49.5
14 84.9
15 33.2 1.79 (m) 
1.46 (m)
16 26.8 2.15 (t, 9.3)
2.18 (m)
17 50.6 2.72 (dd, 9.2, 5.6) ?????????????????? 2.75 (dd, 1H, 9.3, 5.5)
18 15.7 0.78 (s) ??????? 0.81 (s, 1H)
19 207.5 9.9 (s) ??????? 10 (s, 1H)
20 174.8
21 73.6 4.93 (d, 18) ????????????? 4.94 (d, 1H, 18.2)
4.77 (d, 18) ????????????? 4.78 (d, 1H, 18.2)
22 117.8 5.84 (s) ?????????? 5.86 (s, 1H)
23 174.7
1' 95.6 4.53 (s) ??????? 4.66 (s, 1H)
2' 91.2 4.43 (brs 1H)
3' 73.1 3.61 (dd, 11.7, 5.1)
4' 38.7 ??????? 2.77 (d, 1H, 14.1)
??????? 2.46(1H, 14.1)
5' 69.2 3.88 (m) ?????? 3.74 (m)
6' 21.9 1.22 (s) ??????????? 1.41 (d, 3H, 6.2)
14 in CDCl3
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Table ?. 13C and 1H NMR chemical shifts of 17 and 18. 
 
Data were recorded at 150 MHz (13C-NMR) and 600 MHz (1H-NMR). 
?
?
?
?
?
?
?
?
?
?
?
?
?
17 in CDCl3:pyridine-d5 18 in CDCl3:pyridine-d5
!H (J, Hz)
1 2.50 (dd, 12.8, 4.5) 1.18(t, 11)
0.82 (t, 12.8)
2 3.30 (ddd, 14.1, 10.5, 5.1) 4.47(dd, 10, 4.1)
3 3.13 (ddd, 14.1, 10.5, 5.1) 4.42 (td, 10.2, 4.1)
4
 1.54(q, 12.4)
8 1.77(t, 12.4)
16 5.02(m)
17 2.62 (dd, 8.8, 5.2) 3.03(d, 3.4)
18 0.69 (s) 0.91(s)
19 9.78 (s) 9.87(s)
21 4.88 (d, 17.3) 5.04(d, 18.6)
4.65 (d, 17.3) 5.17(d, 18.6)
22 5.72 (s) 6.24(s)
1' 4.86 (s) 5.59(s)
3'-CO2Me 3.57 (s)
4' 2.20 (dd, 13, 5.14) 1.86(d, 12.4)
2.04 (dd, 13, 5.14) 2.01(t, 12.4)
5' 4.57(dd, 12.4, 6.2)
6' 1.24 (d, 5.8) 1.38(d, 6.2)
CH=N 7.60(s)
CH2S 3.84(d, 16.5)
3.91(d, 16.5)
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GLI1???????? 
 
	 ?????? (HaCaT cells GLI1-Luc) ? 96 well????????? 2x104 cells/well?
???12 hr?? tetracycline???? 1 µg/mL????????????? 12 hr?, ??
???????????????????????????12 hr?????????Glo Lysis 
Buffer, 1X (Promega) ? 30 µL/well?????????????? (20 min)?30 µL/well 
Luciferin (Promega) ????????? LuminoskanTM Ascent Microplate Luminometer 
(Thermo SCIENTIFIC) ????????? fluorometric microculture cytotoxicity assay 
(FMCA) ???? cell viability????????[67]?FMCA?? FDA (fluorescein diacetate, 
Wako) ?????????????? esterase ???????????????
fluorescein (Ex: 485 nm, Em: 538 nm) ???????????? FDA?????????
?????????????????????? 
  	 	 	 	         
 
 
 
 
 
	 ???????  96 well ????????? 2x104 cells/well ????12 hr ??
tetracycline???? 1 µg/mL????????????? 12 hr?, ?????????
??????????????????12 hr?????????FDA 10 µg/mL (PBS) ?
200 µL/well ???1 hr ?????????????? Fluoroskan AscentTM Microplate 
Fluorometer (Thermo SCIENTIFIC) ?????????????? GLI1?????? Cell 
viability?????? 
 
  
 
 
GLI1?????(%) =?????????????????x100?
??????????
????????????
Cell viability (%) =                                        x100?
??????????
????????????
esterase 
FDA fluorescein 
O
O
O
O
O
O
O
O
O
O
OHHO
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?????? 
 
	 ???? (PANC-1 cells, DU-145 cells, MCF-7 cells) ?????? (C3H10T1/2 cells) 
? 96 well ????????? 2x104 cells/well??????24 hr?, ?????????
???????????12 hr?????????FDA 10 µg/mL (PBS) ? 200 µL/well?
??1 hr?????????????? Fluoroskan AscentTM Microplate Fluorometer??
???. Cell viability??????????? 
?
?????????? 
 
	 ????????????????? ULTRASONIC DISRUPTOR UD-201 (TOMY) ?
???. UV?????????? DNA????? Nanodrop 2000 (Thermo Scientific) ?
????????????????????? DNA ???? Ethidium bromide ?? 
(Nacalai tesque) ? 10??????????ChemiDoc (Bio Rad) ????????? 
 
	 ?????????????????? 
 
LB????  
LB broth  	   2.0 g 
dH2O   up to 100 mL 
???, ????????????????? (121 °C, 20 min)? 
 
Wash buffer 
PBS              10 mL 
20% triton-X-100  500 µL 
 
Glutathione solution 
Glutathione (Reduced form, Wako)  1.55 g (final conc. 50 mM)  
1M Tris-HCl (pH 8.8)                 5 mL (final conc. 50 mM) 
dH2O                       up to 100 mL 
	 dH2O 80 mL?????NaOH???????pH 8.8????????????? 
???????????15 mL????????-30 °C?????? 
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Staining solution      
Solution A 
CuSO4?5H2O (Wako)   	 	 	 	 	 1 g 
??                  	 	 	 	 	 20 mL 
dH2O               	 	 	 	 	   80 mL 
 
Solution B  
CCoomassie brilliant blue (Wako)  0.3 g 
MeOH                          90 mL 
dH2O                           10 mL 
???? A:B 1:1?????????. 
 
??????? 
 
	 5 mL LB??? 100 mg/mL ampicillin? 5 µL??? (final conc. 100 µg/mL)?????
??????????????????? (????37 °C, 160 rpm, over night). ????
?250 mL LB???? (100 µg/mL ampicillin) ????????? (37 °C, 160 rpm, 1.5 hr). 
0.1 M IPTG? 250 µL??????? (?????????, 25 °C, 160 rpm, 3 hr). ???
?????? (4 °C, 6,000 rpm, 5 min)???????????? 10 mL ?? PBS???
?????50 mL ????????????????????????????????
?????? ((sonication 80 counts, icing 15 sec) x 4). 20 % Triton-X-100? 500 µL???
??????? (4 °C, 30 min)??????? (4 °C, 5,000 rpm, 30 min). ??? 15 mL?
???????? 
 
??????? 
 
	 600 µL Glutathione Sepharose 4B (75 % ????) ? 1.5 mL???????????? 
Wash buffer? 600 µL???????????? (4 °C, 2,000 rpm, 1 min)???????. 
??? 4???????Wash buffer? 600 µL???Glutathione Sepharose 4B (50 % ?
???) ????????????????? 15 mL???? Glutathione Sepharose 4B 
(50% ????) ? 500 µL????????? (4 °C, 1 hr). ????????? (4 °C, 
2,000 rpm, 5 min)??????? Glutathione Sepharose beads? 1.5 mL???????
???????PBS? 500 µL?????????? (4 °C, 2,000 rpm, 1 min), ?????
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????????? 5???. ???? 50 mM Glutathione solution? 300 µL?????
??? (4 °C, 10 min)?????? (4 °C, 2,000 rpm, 1 min)??????? 1.5 mL???
?????????????????? 6?????PBS? 1L????4 °C??????
????PBS?????? (10 min). 500 mL????? 4 °C?PBS? 500 mL???5 mL
????????????????????????????????? PBS?????
?????? (4 °C, 3 hr). PBS??????????? (4 °C, over night). ??????
?????????????????????? Nano drop 2000????, -80 °C???
????????????? SDS?PAGE????????Staining solution???? CBB
???????? 
?
Western blot 
 
	 ??????????????? 
 
Lysis buffer 
1 M Tris-HCl                                 2 mL (20 mM) 
NaCl                                     878 mg (150 mM) 
Triton X-100                               0.5 mL (0.5 w/v%) 
sodium deoxycholate (Sigma Aldrich)        500 mg (0.5 w/v%) 
EDTA                                  292.2 mg (10 mM) 
sodium orthovanadate (V) (Na3VO4, Wako)  18.4 mg (1 mM) 
sodium fluoride (NaF, Wako)               0.42 mg (0.1 mM) 
dH2O                               up to 100 mL 
 
???? protease inhibitor cocktail (Nacalai tesque) ???? 1 %????????? 
 
5x SDS sample buffer 
1 M Tris-HCl (pH 6.8)                     7.85 mL 
SDS                                     2.5 g 
Sucrose (Nacalai tesque)                 6.25 g 
Bromo phenol blue (Kanto chemical)        6.25 mg 
dH2O                                 up to 25 mL 
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10 x Running buffer 
Tris     	 	 	 	  	    	 	            30 g 
SDS       	 	  	 	 	                10 g  
Glycine ?Kanto chemical?          144 g 
dH2O                             up to 1 L 
 
10 % SDS 
SDS (Wako)                          4 g 
dH2O                               40 mL 
 
30 % Acrylamide 
Acrylamide (Wako)                     29.2 g 
N, N’-methylene-bis-acrylamide (Wako)    0.8 g 
dH2O                             up to 100 mL 
 
10 % APS 
Ammonium persulfate (MP Biomedical)  100 mg 
dH2O                                  1 mL 
 
Transfer buffer  
Tris                                 15 g (250 mM) 
Glycine (Wako)                       72 g (1.92 M) 
10 % SDS                           10 mL (0.1 %) 
dH2O                         up to 500 mL 
 
TBST (Tris-buffered saline Tween 20) 
Tris                               3.6 g 
NaCl                             17.4 g 
HCl                    adjust pH to 7.4 (2.4 mL) 
Tween 20                         3.0 g 
dH2O                        up to 3.0 L 
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 SDS PAGE gel??????????? 
  
 
 
 
 
 
 
	 ???????????????????? Tetra ??????. ????????
Running gel ??????EtOH????? BuOH???????????????dH2O
??????????????????Stacking gel?????????????????
?????  
 
??????????? 
 
	 ???????????????? (HaCaT-GLI1-Luc cells: 1x106 cells/6 cm dish, 
PANC-1 cells, DU-145 cells, MCF-7 cells: 1x106 cells/6 cm dish) ? ? ? ? ?
HaCaT-GLI1-Luc cells?? 12 hr?? tetracycline???? 1 µg/mL?????????
24 hr?, HaCaT-GLI1-Luc cells???? 12 hr???????????????????
?????????????????? 12 hr?? 1 ml (6 cm dish?? 500 µL) ? PBS?
2?????????? PBS? 500 µL???????????????????1.5 mL
?????????????????????? (4 °C, 1,000 rpm, 10 min), ??????
??? 500 µL PBS??????????? (4 °C, 1,000 rpm, 10 min)?????????
?????? Lysis buffer (1 % PI??????) ? 100 µL?????? 30 min ????
?????????????? (4 °C, 13,000 rpm, 30 min), ?????????? (whole 
lysate) ?????? 1.5 mL?????????????? 
 
????????????? 
 
	 ???????????? NE-PER Nuclear and Cytoplasmic Extraction Reagents 
(Thermo scientific) ?????????10 cm dish??????????????????
????????????????PBS 1 mL? 2????????????/EDTA? 1 mL
SDS PAGE gel Running gel Stacking gel 
acrylamide conc. 10 % 1.25 % 5% 
dH2O 4.65 mL 3.3 mL 2.8 mL 
30% Acrylamide 4.95 mL 6.3 mL 0.66 mL 
1 M Tris-HCl (pH 8.8) 5.1 mL 5.1 mL  
1 M Tris-HCl (pH 6.8)   0.5 mL 
10% SDS 0.15 mL 0.15 mL 0.04 mL 
10% APS 0.15 mL 0.15 mL 0.04 mL 
TEMED (Wako) 10 µL 10 µL 4 µL 
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????????????? (37°C, 3-5 min). ??? 4 mL????? 15 mL?????
????, ?????? (4°C, 3,000 rpm, 3 min)????????PBS? 1 mL??????
?? (500 µL) ????????????????????? 500 µL? 1.5 mL?????
????????????? (4 °C, 5,000 rpm, 5 min). ????????? PBS? 500 µL
???????? (4 °C, 5,000 rpm, 5 min). ???????????????????? 
(10 min)??? CER? (1 % PI??????) ? 100 µL?????????? (15 sec), ?
?????? (10 min). ?? CER?? 11 µL????????? (5 sec) ???, ???
???? (1 min). ?????? (5 sec) ???, ?????? (4 °C, 13,000 rpm, 10 min). 
?????????????? 1.5 mL?????????????? 
??????? NER (1 % PI??????) ? 50 µL??????????? (15 sec). ?
??, ?????? (10 min), ?????? (15 sec) ? 4??????????????
? (4 °C, 13,000 rpm, 10 min)?????????????????. 
 
	 lysate ? 5 × SDS Buffer:2-????????????? (4:1) ????CHILL HEAT 
CHT-101HT (Iwaki) ?????? (100 °C?3 min) ?????????????????
???????Precision Plus ProteinTM Standards?Bio-Rad?????????????
?? 1.0 mm???? stacking gel??? 150V??? 20 mA??running gel??? 200V?
?? 30 mA?????????????????????????????? 5 mm??
????????????? ???????????? Tetra ?? ???? Trans-Blot® 
TurboTM????? 
 
?????	 ??????????	 
 
	 PVDF??????5 % skim milk (????) ??? TBST (10 mM Tris-HCl (pH 7.4), 100 
mM NaCl, and 0.1 % Tween 20) ???? blocking??? (r.t, 1 hr)?blots? TBST??? 
(5 min, 3 times) ??. ??????? 5 % skim milk??? TBST???????????
??????????????????????? (r.t., 1 hr or 4 °C, over night). ???
??? TBST????? (5 min, 3 times). ???????? 5 % skim milk??? TBST?
????????????????? (r.t., 1 hr)??????? TBST????? (5 min, 3 
times).?????ECL Advance Western detection system (GE Healthcare), Chemi-Lumi 
One Ultra (Nacalai tesque) ?? Immobilon Western (Millipore) ????????????
β-actin????? 
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 ????????GLI1 (C-18) (1 : 200)?PTCH (1 : 200, Abcam)???? BCL2 (1 : 2000, 
Sigma Aldrich)?β-actin (1 : 4000, Sigma Aldrich)?Cleaved Notch1 (Val1744) (1:1000, Cell 
Signaling Technologies), Notch1 (C-20) (1:1000, Santa Cruz Biotechnology), HES1 (1:1000, 
Santa cruz), HES5 (1:700, Cell Signaling Technologies), RBP-Jκ (1:2000, Santa cruz), Flag 
(1:1000, Sigma) ?? γ-Secretase Antibody Sampler Kit (?? 1:2000, Cell Signaling 
Technologies) ????? 
	 ????????anti-goat IgG (1 : 10000) (Sigma)?anti-rabbit IgG (1 : 4000, Jackson 
ImmunoResearch), anti-mouse IgG (1:4000) (GE Healthcare) ?? anti-rat (1:1000, Santa 
Cruz Biotechnology) ????? 
?
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EMSA???? 
 
	 EMSA???? LightShift Chemiliminescent EMSA kit (Thermo Fisher Scientific) ???
???????. ???????????????? ssDNA (? 6?) ?????????
?????????, ???????????????????????? 
 
5’-biotin target DNA (23 bases) 
forward: 5’- biotin - AGCTACCTGGGTGGTCTCTTCGA - 3’ 
reverse: 5’ - biotin - TCGAAGAGACCACCCAGGTAGCT -3’ 
 
Biotin free target DNA (23 bases) 
forward: 5’ - AGCTACCTGGGTGGTCTCTTCGA - 3’ 
reverse: 5’ - TCGAAGAGACCACCCAGGTAGCT - 3’ 
 
Biotin free mutant DNA (23 bases) 
forward: 5’ - AGCTACCTCCCACTTCTCTTCGA - 3’ 
reverse: 5’ - TCGAAGAGAAGTGGGAGGTAGCT - 3’ 
 
	 Buffer??????????????? 
 
5 x TBE buffer (????): Tris (Invitrogen™)     54.51 g 
                        boric acid (Wako)     27.82 g 
                        EDTA?2Na (Wako)    3.72 g 
                        dH2O   up to 1 L 
 
6 % Native polyacrylamide gel: 30 % acrylamide    3.6 mL 
dH2O  	 	 	 	 	 	 	 	 	 	 	 	 	 	            12.6 mL 
5 x TBE                                        1.8 mL 
10 % APS (Wako)                              300 µL 
TEMED (Wako)                                 15 µL 
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 ???????????????????? Tetra ?? (Bio-Rad) ?????????
?? 6 % Native page???????????????????????????????
???0.5x TBE buffer?????110 V???? 40-50 min?????????????
??????????? 1.5 mL??????????DNA??????????????
??? (1 sec) ???????? (20 min). 5 µL 5x Loading buffer (kit) ????????
??20 µL????????????120 V, 400 mA (???) ????????0.5x TBE 
buffer? 10 min????? Biodyne B 0.45 µm (Pall Corporation) ? Trans-Blot® TurboTM 
(Bio Rad) ????????????????????????????????????
?????????? (???????) ???? 312 nm UV? 15????? DNA??
???????????37-50 °C????, ????? Blocking buffer (kit) 20 mL???
???????????????????????????? (15 min)?buffer ???? 
Stabilized Streptavidin-Horseradish Peroxidase Conjugated (kit) ? 20 µL ??????
Blocking buffer 10 mL??????????????????????? (15 min)?4 x 
Wash buffer (kit) ?dH2O????1 x Wash buffer?100 mL???, 1x Wash buffer 20 mL
????? 1x wash buffer 20 mL???? (5 min), ??? 1x Wash buffer???????
????? 4 ???? (total 20 min)??????????? buffer ????????
Substrate Equilibration buffer (kit) 30 mL????????????????????? (5 
min)?500 µL Luminol/Enhancer Solution (kit)?500 µL Stable Peroxidase solution (kit) ?
1:1???????????????ChemiDoc™ XRS+ (Bio Rad) ??????? 
?
?
?
?
 (µL) Final conc. 
10 x binding buffer 2 1 x 
50 % glycerol 1.6 4 % 
100 mM MgCl2 1 5 mM 
50 fmol/µL biotin labeled DNA  0.4 4 pmol 
5 pmol/µL biotin free target DNA  0.8 4 pmol 
5 pmol/µL biotin free mutant DNA 0.8 20 fmol 
GST-GLI1 (200 µg/mL) Depends on experiment 
Compound in DMSO Depends on experiment 
dH2O Up to 20 µL 
for competition assay 
for competition assay 
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Notch?????????? 
 
	 ?????? (LS174T cells /Tet-on-NICD, pGL4.20-TP-1) ? 96 well????????
? 2x104 cells/well????12 hr?? doxycycline???? 100 ng/mL??????? 12 hr
?, ?????????????????????????????12 hr???????
??Glo Lysis Buffer 1X? 30 µL/well?????????????? (20 min)?30 µL/well 
Luciferin ????????? LuminoskanTM Ascent Microplate Luminometer (Thermo 
SCIENTIFIC) ?????????cell viability ? FMCA ???????????????
?? 96 well????????? 2x104 cells/well????12 hr?? doxycycline????
100 ng/mL??????? 12 hr?, ????????????????????????
???12 hr?????????FDA 10 µg/mL (PBS) ? 200 µL/well???1 hr????
?????????? Fluoroskan AscentTM Microplate Fluorometer (Thermo SCIENTIFIC) 
?????????????? Notch???????? Cell viability?????? 
 
  
?
?
?
?
?
?
?
?
?
?
?
?
Notch???????(%) =?????????????????x100?
??????????
????????????
Cell viability (%) =                                        x100?
??????????
????????????
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???????? 
 
	 ? ? ? ? ? ? ? ? ? pGL-4.20[luc2/Puro] (Promega, Wisconsin, USA), 
pEF-BOSneo-mNotch1 RAMIC (Riken bio resource center, Japan), ????????
pEGFP-N1 (Clontech, USA) ?? TP-1???? ECOSTM Competent E. coli JM109 (???
????, Japan) ????????? 
 
	 ??????????????????? 
 
??????? (ampicillin, kanamycin plate) 
LB broth (Sigma-Aldrich)    4 g 
??, ?? (Wako)         3 g 
dH2O                   200 mL  
	 ????????????? (121 °C, 20 min), ampicillin (??? 50 µg/mL) ????
kanamycin (??? 25 µg/mL) ????? 10 cm dish? 20 mL??????????? 
 
???? 
LB broth (Sigma-Aldrich)    4 g 
dH2O                   200 mL  
	 ????????????? (121 °C, 20 min), ampicillin (??? 50 µg/mL)????
kanamycin (??? 25 µg/mL) ????? 
 
	 ????????? QIAGEN-tip 500 (QIAGEN, Japan) ?????Buffer??????
????? 
 
Buffer P1: 50 mM Tris-HCl (pH 8.0) 
          10 mM EDTA 
          10 µg/mL RNaseA (???????, Japan) 
 
Buffer P2: 200 mM NaOH 
           1 % SDS 
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Buffer P3: 3.0 M potassium acetate (pH 5.5) 
Buffer QBT: 750 mM NaCl 
            50 mM MOPS (pH 7.0) 
            15 v/v% isopropanol 
          0.15 v/v% Triton X-100 
 
Buffer QC: 1.0 M NaCl 
          50 mM MOPS (pH 7.0) 
          15 v/v% isopropanol 
 
Buffer QF: 1.25 M NaCl 
          50mM Tris-HCl (pH 8,5) 
          15 v/v% isopropanol 
 
Buffer QN: 1.6 M NaCl 
          50mM Tris-HCl (pH 7.0) 
          15 v/v% isopropanol 
 
ECOSTM Competent E. coli JM109 (????????, Japan) ???????? ????
???????????????????? 1 ????????? 5 ?????????
?????????????????????? (42 °C, 45 sec)???????????
???? (1 sec)???????? 2??????????????? (37 °C 12 hr). ??
?????????????3 mL??????????????? (37 °C, 160 rpm, 6 hr)?
???????????? 200 mL??????????? (37 °C, 160 rpm, 12-16 hr)? 
???????????? (4 °C, 6,000 g, 15 min)??????????????????
?????? Buffer P1 10 mL??????. Buffer P2 10 mL????????????? 
(5 min, r.t.)? 30 mL ??? Buffer P3? 10 mL????????????????? (20 
min, ??)?????????????? (4 °C, 4,000 rpm, 30 min)??????????
???? 4 °C, 4,000 rpm, 15 min????????? DNA??????? (60 µL???
?????①???????.). Buffer QBT (10 µg/mL RNase???.) 10 mL?QIAGEN tip 
(Quiagen, Japan) ????? (60 µL ????????②???????.). ?????
DNA???????????????buffer QC 30 mL?????? Buffer QF 15 mL?
????? DNA ?????? (????③). 50 mL ????? DNA ?????? 
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2-propanol? 10.5 mL?????????????? (4 °C, 4,000 rpm, 30 min).????
? 70 % EtOH? 5mL???????? (r.t., 4,000 rpm, 15 min)???????5-10 min
??????? buffer (dH2O, pH 8.0 TE buffer?) ?????-20 °C??????????
??????????????????????????????????? DNA???
????????????????????????????????DNA ??????
???? 
 
?????? 
 
	 MEB5 cell? PLL, Fibronectin/Laminin???????? 24 well plate? 2x104 cells/well
????????????? (37 °C, 5 % CO2, 12 hr) ?????????? EGF???
????????????????????????????????45 µL/well ?
Opti-MeM (Gibco) ? 2.5 µL/well? Lipofectamine 2000 (InvitrogenTM) ????????, 50 
µL/well? Opti-MeM??????????????Opti-MeM? Lipofectamine 2000??
??? 1:1????????????????????? (37 °C, 5 % CO2)? 
 
	 ??? luciferase???????????Dual-GloTM Luciferase Assay System (Promega) 
???? luciferase ?????????????? 5xPassive lysis buffer (Promega) ?
dH2O???????? 1x Passive lysis buffer? 60 µL/well??????? (r.t., 30 min). 
?????? 96 well white plate?????? 50 µL?????????Dual-Glo® Reagent 
50 µL/well???, firefly luciferase????????????Dual-Glo® Stop & Glo® Reagent
? 50 µL???renilla luciferase???????? 
?
?
?
?
?
?
?
?
?
?
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????? MEB5 cells??????????? 
 
??????????? 
 
	 24 well plate?? well? 13 mm Micro Cover Glass (Matsunami Glass Ind. Ltd) ? 1??
??????1 M NaOH???????? (24 well plate; 500 µL, 6 cm dish; 5 mL), ???
?(r.t., ???1~2 hr). NaOH???????1 M HCl??? (24 well plate; 500 µL, 6 cm 
dish; 5 mL)?????(r.t., ???1~2 hr). HCl?????????500 µL?????? 3
?????????????????????????? Poly-L-lysine hydrobromide (PLL, 
Wako) ???(24 well plate; 500 µL, 6 cm dish; 3-5 mL)????? (4°C, 8-12 hr)?PLL?
????500 µL ?????? 3 ???????????????????? 20 µg/mL 
Fibronectin (Invitrogen™) / 10 µg/mL Laminin (invitrogen™) PBS????? (24 well plate; 
500 µL, 6 cm dish; 3-5 mL)????? (4°C, 8-12 hr)? 
 
????~?????? 
 
	 ??????????????????????? 
 
Proliferation medium: NeuroCult™ Basal Medium (Stemcell Technologies)   18 mL 
NeuroCult™ Proliferation supplement (Mouse) (Stemcell Technologies)       2 mL 
10 µg/mL EGF (VERITAS, Stemcell Technologies)                        40 µL 
Differentiation medium: NeuroCult™ Basal Medium                       18 mL 
NeuroCult™ Differentiation Supplement (Mouse) (Stemcell Technologies)     2 mL 
 
	 ?? 100 µm????????MEB5 cells?????????? 50 mL????????
??????  (20 °C, 5,000 rpm, 5 min). ??????? NeuroCult™ Chemical 
dissociation kit (Mouse) (Stemcell Technologies) ? solution A ? 500 µL???450 µL?
??????????????????? 30??????????? solution B? 125 µL
???30?????????? (0 min)?3 min, 7 min???? 30??????????
??8 min???? solution C 40 µL????????????? proliferation medium?
350 µL????????????Fiblonectin/Laminine????????????????
????????? (24 well plate; 2x104 cells/well?6 cm dish, 2x105 cells/dish). 12 hr?, 
??????? 500 µL?????? EGF?????????????????????
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??????? 500 µL?????? (37°C, 5 % CO2, 4-7days).  
 
???? 
 
	 ???????? buffer???????????????? (24 well plate 1??) ? 
 
1 % BSA: BSA (Merck) 1.2 g + PBS 120 mL 
10 % BSA: 1.6 g + PBS 16 mL 
Blocking Buffer: 10 % BSA 5 mL + 20 % Triton X-100 (Wako) 7.5 µL 
Buffer A: 1 % BSA 11 µL + 20 % Triton X-100 5.5 µL 
Primary antibody solution: 10 % BSA 	 	                       5 mL 
0.5 mg/mL Anti-?-Tubulin,Neruronal Class?, Mouse-Mono (Tuj-1) (R&D systemsTM)  
                                                           10 µL (1:500)  
Rabbit anti-GFAP Polyclonal Antibody (VERITAS)             12.5 µL (1:400) 
Secondary antibody solution: 10 % BSA                        5 mL 
Alexa Fluor® 488 goat anti-mouse IgG (H+L) (Life technoligies) 12.5 µL (1:400) 
Alexa Fluor® 555 goat anti-rabbit IgG (H+L) (Life technoligies)   25 µL (1:200) 
RNase solution  Buffer A                               5 mL 
              10 mg/mL RNase                      100 µL (final conc. 200 µg/mL) 
To-PRO-3 (Invitrogen™) solution  Buffer A                5 mL 
                 10 mM TO-PRO-3 (InvitrogenTM)        15 µL 
 
	 4-7??????????? 4% ????????? 500 µL?????????? (r.t., 
20 min)????????????, 1% BSA 500 µL? 3?????. blocking buffer? 200 
µL?????? (r.t., 45 min). Blocking buffer???, Primary antibody solution? 200 µL
??????? (4°C, over night). 1% BSA 500 µL? 3????? secondary antibody 
solution? 200 µL?????? (r.t., ???1hr). 1 % BSA 500 µL? 3????, RNase 
solition? 200 µL?????? (37 °C, 1hr). PBS 500 µL? 3????? To-PRO-3 solution
? 200 µL?????? (r.t., ??, 10 min). PBS 500 µL? 3????? PBS? 200 µL?
????Micro Cover glass??????? (Micro Slide Glass Fine Frost, Matsunami Glass 
Ind. Ltd.) ???? Prolong gold with DAPI (InvitrogenTM) ? 1?????24x24 mm Micro 
Cover Glass (Matsunami Glass Ind. Ltd.) ?????????????? LSM700 (ZEISS) 
????? 
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Notch????????????????? MEB5 cells?????? 
 
	 ??????????????????????neurocult dissociation kit ??????
???????????, ??????? (24 well plate; 2x106 cells/well?6 cm dish, 2x107 
cells/well). 12 hr?, 500 µL ????????????????????????????
???????? 500 µL?????? (37°C, 5% CO2, 4 days). ???????????
??????? 
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
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